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feet   down  the    mountain,    under   the  State  highway,    and   run  a 
generator.    Power   thus   produced  would    be   used   to  heau   the 
home    in   the  winter, power    the    usual   electrical  load,  &  provide 
irrigation  in   the    summer.    In  the   proposal  it  was   stated   that 
DNRC '  s   staff  had   measured    the   head  &:  water   flow,   I'he   power 
calculations    indicated   a    maximum   of   3   kilowatts    of   useable 
power  could    be   generated.   Due    to    the   vagueness    of   site   descript- 
ion provided    by  Barnard   and    their  non-availability   to   assist   only 
the    section  could    be    located,    and  not   the    exact   site.    It  was 
therefore  not  possible    to   survey  the   site.    Judgemental  factors 
indicated    that    due    to    the    very   small  volume    of  water,    the   1,200 
foot   distance,    trie    fact    that   the  electrical  power    lines    ran 
down   the  highway,   very  close    to   any  point   in   the   section,    the 
estimated   costs    of  i^l^.l,'j)^0   to    develop    the    project  compared    to 
a    couple  hundred    dollars   maximum   to   hook  up    to    tne   existing 
electrical  power,    that    the    project  would   not   be   feasible,    xhe 
snail   potential   of    the    site   would    not    be    capable    of   providing 
even  a    fraction  of    the   normal  electrical   power   requirements    of 
a  home,    let  alone   heat   it. 

Due    to    the   lack   of   cooperation  from   the  grantee  and    the   above 
factors,    it  was    determined    this    site   was   not   feasible.   After 
the    study  was    completed  and   submitted,    1   was    contacted    by  hr, 
Barnard,    I  was    read   the    riot   act,    learned   a    few  new  verbal 
superfluous   words    ,    and   had   personal   cause    to   suspect   the 
motives   behind    the    grant   application.   The   project  was   not 
recommended  for  development. 

Site  #  5. Six  Shooter  Ranch  Co«,   Big   Timber  Montana 

The  Six  Shooter  Ranch  Co,,    located  approximately   8   miles   north 
of  Big  Timber,    requests    ^RC   study   a    canal  dc   falls   flowing    through 
the  ranch   to   determine    its   hydroelectric   potential,  Water   flows 
through  the   canal  5  months    out   of    the    year  and   is    eventus  lly 
consumed  by    the  ranchers   along    its    route.    The   site      had   approx- 
imately   33  C.F.S,    water  flow  and  a    vertical  drop    over   the   falls 
of  37^-  feet.   Primary   electrical  power    is  within  600  feet   of 
the    site,  A  conservative   estimate   would  have    the    site   producing 
approximately  65   kilowatts    of  power   2l\.  hours    each   day   for    the 
time  period    the  water   is   available.  This    amount   of  power   is 
far    in  excess    of   the   ranch  needs,   Several   design  options  were 
analyzed,    ranging   from  selling   the   power    to   tne    utility   company 
on  a   5  month  basis,    devising   a    means    of  year   around  water    flow 
to   sell   on  a    12   months   basis,    to  generating   power  for  ranch 
consumption  only. 

The   »ite    is   an   exceptionally   ideal  one   from  a    technical  ic   practical 
consideration  consideration.    Unfortunately    the   cost   to   develop 
the   site   makes    it  extremely  non-cost-effective.   The    ranch  owners 
are   obviously   very   capable   people.    It   was    suggested    that   it 
would   be    possible    for    them   to    devise   ways    to    overcome    some    of 
the   problems    identified.    These   people    have   historically    found 
ingenuous,    low  cost   solutions    to   propleras.   They  were   provided 
a   statement   of   what   problems    they   face   and    the   associated   costs. 


If    they    can    devise   a    means    of    solving    some    of    their   cost 
problems,    then   this   site   could    become    quite   feasible.    The 
two  fundamental  problems   were    providing  water   flow  for    the 
entire    year   and    the    high   cost    of    the    generatirv^    equipment 
required.    It    is    recommended    this    project  be   simply   placed    on 
a   back  burner  pending  well    thought    out  proposals    from   the 
ranch  personnel.    Should    they   request   assistance    it   should    be 
favorably   considered. 

Site  y  6.   City   of   Bozeraan 

Mr,   Russ   Heliker,   Energy  Planner   for    the   City   of   Bozeraan, 
requested   DNRC    study  Bozeman  Creek   to    determine    its   hydro- 
electric   generating    potential.    The   City   desired    to   use   the 
power    to    light    its    downtown   buildings,    sell   excess   power   to 
the    utility   company,   and    utilize    the   site   as    a    public    demon- 
stration  of   renewable   energy  at   work, 

i'^ive   potential  sites   were    identified.  An  engineering   study   was 
conducted   at   each,    t'or  each  site,    the   net   useable   amount   of 
electrical  power  was   determined,    the    cost  to   construct    the 
facility   estimated,    and    the   revenue    the   City   might   expect  was 
calculated.    The    following  sites  were   studied. 

1.  The    diversion   dam   a .-   the   mouth  of  Bozeman  Canyon. 

2,  The   ore  sedimentation  settling    basins. 
3«    The   municipal  water   reservoir, 

k'    Down   town  oozeman,    adjacentc   to   tae   new   library, 
5.   Along    the    railroad   right    of   way    to   the   City   r^ark. 

In  each  case    the   cost   to   develop    the   site  was    excessive   when 
compared    to    the   revenue   it    would   produce,    uncontrolled   flooding, 
very  shallow   land  &    legal  problems   also   complicated   each  site. 
Unfortunately,    none    of    tne    sites    ln/7«stigated  were   feasible. 

In  each   of    the   above   sites,    the    engineering   report   should   be 
read    if  additional    information   is    desired, 

GENERAL  METHODOLOGY  USED 

All  proposals    and    available    history   of   the  project  were    read. 
The    principals   were   contacted    to    learn  first  hand   how   they 
viewed   their  project.    This    established   what    they   expected    of 
the   project    in   terms    of    time, cost,    performance,    etc.    The   site 
was    visited.    The    width   of   the    wate/  way  was    measured,    using   a 
steel   tape.    Several   measurements   were    taken  and   averaged,    Next, 
the    depth   oi'    the  water  was    measured    every   few   inchei   at   the 
exact   point  where    the  w  idth  was    measured.  The   flow   of    the   water 
was    measured   by  a    stop  watch  measurement   of   the    time   required 
for  a   wooden  float   to  pass   a    measured    distance.  The  following 
formula   was    used    to   calculate   flow.    The   widtn   of    the    creek,    in 
feet,    tiroes    the   depth   of   the  creek,    in  feet,    times    the   distance 
the    float    travels      in  one   minute,    time   the    constant   Oo8,    equals 
the    cubic   feet   of   flow  per  minute,    ^^ivided    by  60,    the  flow,    in 
cubic    fest  per  second,    is    available, 
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Elevations  were  determined  using  a  Keuffel  Sc  Esser,  K  &  E, 
surveying  transit  &  stadia  rod,  along  with  the  steel  tape. 
Stakes    down   the    hill  method   was    used. 

Power  calculations   used    the   following   formula. 

Power,    in  KW   ■   cubic   feet   per   second  x  head    in  feat 

The    no    loss    power   was    calculated   first.    This    power   was    then 
adjusted  as    a  function  a'    (IJ    Jt-'iow  at    low  water,    (2)    Head   loss 
due   to  penstock  friction,    (3)  Turbine    efficiency,    ([(.)   Generator 
efficiency,    (5)   Transformer   losses,   &    (6)   Transmission  line   losses. 
The    result  was   net   useable    electrical  power. 

Next,    the   entire   project  was   cos  ted,    -1-t  was   necessary   to 
conduct  extensive   design  analyses    for  each  s  ite   inorder  to   be 
able    to   construct   an   on  paper   baseline   system©    In  fact,    moat   of 
the   system  design  analyses   was   required   for   eachsite.   The    cost 
was    that   quoted   by   those   companies    currently   in  the    business 
of  selling   the    hardware    required.    In   some    cases    it   was    assumed 
the    individual  grantee  would   be  capable    of   doing   much  of   the 
work  himself.  The    material   costs   were    identified.   The   labor 
costs  must   be    locally  bid    in  some    cases. 

The   cost   to   benefit  analyses,   which  really  becomes   the    true 
measure    oi'   project   feasibility,   was    done   on  a   paramettic   basis. 
This   wps   necessary   at   the    price   the    utility   companies  will  pay 
has    not  been  determined.   The  federal   law  stated   the  power 

generated  must  be   purchased.    The    price   paid   is    still  undefined. 
Feasibility,    to    a    large  extent   ninges   on   the  eventual  price. 

When  all   the    facJba  were   available,    they  were    presented,    informally 
to    the   Energy   Division,    where   each  project  was    discussed,  A 
formal  engineering    report  was    prepared  for   each  project.  The 
orgionals   were   sent   to   Jeannie   Thurston,    at   the   Energy   Division, 
and  a    copy    to   the   principals, 

PROJECT  GUSTS 

The    orgional  grant   agreement  waa   for  $8,^00  for    the   purpose    of 
four    aiteis.    The   agreement  was    amended  September   11,    1981,    increas- 
ing the    amount   to   ^10,050^  At    that    time    two  additional   sites 
were    added.   The    orgional   contract   specified    the  following   costs. 

Salaries  &   benefits:  $7#i4. 32,00 

Supplies  148.00 

Ooramunications  300,00 

Travel  620,00 

Total  $8,500.00 

The   breakdoim  of  costs   appears    to   have   followed   very   closely 
the  authorized   budget,   at  approximately  !i^2,0Q0  per  site. 
The   amended   contract  was   for    two  add  itiona  1  s  ites,    at  a    budget 
of   ^2,000  each.   The    itemized   expenses   for   the   first  paya»n.t 
request  was    sent  to   tiie    Bureau.    The    copy  was    lost   or  misplaced, 
so   the    Bureau  will   have    to   provide   a    breakdown  on     the    initial 


payment   request    of   ^2,550o<J'J»    '^he   second  payment  request  was 
submitted   July  21,    I98I  and  was    itemized  as    followso 


Salaries  &   expenses 
Operating   expenses 
Communications 
Travel 


Total 


*3,06loOO 
6l«00 

123,00 

25^.00 
$3,500.Uo 


The    third   payment   request  was    submitted   December  2,    196l»   and 
was    itemized  as   followso 


Salaries  &   expenses 
Operating    expenses-  supplies 
Operating   expenses-communica:tiona 
Operating  expenses-travel 


Total   costs    billed    to   DNRC 


$3,276.00 
2I4.9.OO 
160,00 

315.00 
fU» 000^00 

$10,050.00 


To  put   the   costs    in  a    more    meftningfull  perspective,    consider 
the  following.    On   tne    initial  grant   agreement,    the   four  sites 
studied  had   the    sum  of  $66,000  approved.  The   engineering 
study    of   these   four  sites   cost  $6,050,  The  ^66,000  was   saved 
for   projects    of  merit  by  not   funding  non-feasible   projects. 
When    tne  City   of  Bozeman  project  was   studied,    five   separate 
engineering    studies   were    performed.    In  all,    a    total   of   ten 
sites   were   studied,    for   an   average   cost   of  approximately 
$1,000,   each.   A.  detailed   engineering    study   for   only  ^1,000, 
apiece    is    an  unprecedented  achievement. 


ECUIPMENT  MANUFyiCTURbS 

Appendix  B    of   the    contract   deals   with   the    manufacturers    of 
hydroelectric   generating    equipment,    M«JRC    desired   knowledge 
of  what   is    available.    Initially,    a    total   of  12   firms   were 
identified  for   querry,   Kach  of    these    firms  «were   sent  very 
detailed    letters    requesting   a    broad   spectrum  of  performance, 
cost,    services,    availability,    etc.   Most   of    the    initial   12 
firms,    plus    others   subsequently    identified,    turned   out  to  be 
dead  ends,    I    tninjc  the   intent    of  practical  knowledge   is   beat 
served   by   discussing    the    equipment   manufactures    that  »re   or 
could   be    of   value    to    the  people    of  Montana,    and  not  a    retoric 
about    those   of  negative   value,   in  fact,    one   firm  has   been 
historically    operating    in  Montana  with  a    long   history   of 
poor   responses  0   The  following   list   is    not   meant   to   be  all 
inclusive,    i?a  ther   those   firms   found    to  be   of  potential  value. 


Digetek  Inc.,    IJkS^  68th  Avenue  N,b.   #10i;.   P,0.   Box  lj.68, 
Kenmore,  Washington  98028,    Phone:    (206)  li.85-6571 

This    firm  offers   computer  controls   for  all  facets    of  a    typical 
hydroelectric   facility,   Examples    of    the   items    controled  are: 
Turbine   start/stop.   Voltage   raise/lower.   Governor  control 
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raise/lower.   Breakers    Trip/close,   &  Gates   rals«/lower.   This 
is    a   rather  recent  firm  with  good  technical  capaoility.    They 
went  after    the    segment   of    the   market   dealing   in  much   larger 
generating    facilities    than   the   Bureau  was    interested   in© 
However,    they  have   indicated   computer   controls   for   the   micro- 
hydro   power  will  be   forthcoming,   '•^'heir  price   may   be   a   bit 
high,    but   they   have    indicated    they   see    the  micro-hydro  market 
as   one    they  wish   to   go  uftero  Taia   firm  should   ba   followed 
as   it  progresses* 

The   James   Leffel  &  Co.,   k26  East  Street,   Springfield,   Ohio, 
i|.^5!01,   phone:    (513)    323-6i^.31»  Telex  205  14-19,   Atten.   Marketing 
engineering 

The  Leffel  company   Is    one  of    the   oldest  firms   in  ttxe   business 
of  producing  hydroelectric   generating   equipment,    dating   back 
to   1662,   They  almost  went  out   of    business.   However,    the 
Tampella   tJorporation    took    them   over  and    they   now  appear      to 
once   again  be   a   reliable  supplier   of   quality  equipment.    If   a 
reliable  and   quality    turbine/generator  system  is    desired,    this 
firm  should   be    considered.    By  writing   to    the  a  bove  address,   & 
enclosing   all   the    salient   technical  parameters,    they  will  seloet 
their  best   design,    sending   a    complete    quotation  within  a   few 
weeks,    i''or   planning   purposes,   at   least  at   this    time,    $1,000 
for  each  kilowatt   will  be    in  the   ball  park  of   costing   the 
turbine,    generator,   &   control  package.    The    quoted  price  has 
almost   doubled   in  the    last  year,    unfortunately, 

Allia-Cha liners.  Box  712,  York,  Pennsylvania  17i4-05,  Phone: 
(717)  792-35ll»  Atten.  Howard  A.  Mayo,  Jr.  P.E,,  Manager, 
Product  Promotion  and  Market   development, 

A  His -Chalmers   specializes   in  hydroelectric   systems   above  25  KW, 
feeling   outputs    less    than   25  KW  are   not  economically   practical 
for    them  to  handle.    They   have    two  categories   of   equipment. 

(1)  The  "Standarired   Hydroelectric  Generating  Unit"    is   a 
horizontal  shaft  TUBE   turbine   designed  for  heads   up   to  65   feet, 
with  capacities   starting   around   100  KW, 

(2)  A   second   line    of  packaged   equipment   ("Mini  TUBE  Turbines") 
has    applications   for   sites  with  capacities   between  25   and   1,000 
KW,    at  heads    up    to    a   maximum  of  h^.0  feet. 

Price,    delivery,    etc.   all   depend   on  specific  site   parameters. 
This   firm  has    reliable  &  high   quality   equipment.   The  price  & 
delivery    time   may    preclude   use   by   the    small  microhydro  deteloper. 

Small  Hydroelectric  systems  &  Eauipment,  5li<-l  Wickersham, 
Acme,  Washington  98220,  Phone:  (206)  595-2312,  Atten.  Mr. 
William  Kitching,   Manager, 

This   firm  is    the  number   one  supplier    of  packaged  systems 
available    to  ITorthwest   residents.    Their  system  consists   of 
a   pelton  wheel,   belt   driven  generator/alternator,   &  reqdsite 
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controls,    iheir  current   capacity  is    10   to   50  KW.   If   this 
type   system  will   satisfy   the    site   requirements,    it    is    certainly 
the   lowest   of  all   costs.    They  are  a    busy   firm.    selliL    th«^n 
packaged  systems    all  around   the  world.   TheyTlso  hav^avB^rhi 
equipment   for   power  grid   intertle   for    selling  power     x^Js   not 
yet   determined    if    tne  power  companies   will  approve   ^ftne 
mtertie   equipment.   With   the    pelton  waeel,    the   basic  aoSroach 
is    simply    the    higher   the    head    the    more    tne    power  «PP^°«°^ 


Small  Hydro-Electrics,   Box  Sk»    Silverton.    B-C      VOfx  P   nn  ro„»^ 
Phone:    (601,)    356-2^06,   Telex:    Oi,1.4l50°  Cable     Small  f/.lr'"' 
l^elson,    atten.   Craig   P.   Murphy,   General  Manager.  ^        ' 

On  hay   15,    196l   this   firm  was   appointed   as   an  Authorized 
anrc^nad^    'fSti??..?^ '^'^  Corporation  for    the    Unit^f  states 
^nmnto    ?    •   ^""UlPhX  Corporation  is   purported    to  be  amongst    the 
world's    largest  manufacturers    of   small   hydroelectric   ^.Pn^not^i^L 
eauip«ent      They   sta.e   they  have  nearlj   lOo'SSo  S^Its    in   op^ra^ion 
in   over  15   countries.    Thej  will   quote    on   complete   generaU^ 
systems    and   hydro    turbines   with   capacities    to   12,000  kw. 

tn^ifJ^f''''^^^^''%H^®^^^^   ^°°^^   Sood.    It  will  be  necessary 
to   make   a   personal   inspection   to   determine    tneir   quality.    This 
is    a   firm   that    should  be   followed    up   if   tne    opportunity 
presents    itself,  ^        ^i^^j 

Phnn«?°n!^^°A?A^p?rn^''    J?^^^   ^'   ^°^  ^9'   ^°^^'   Montana  5986^, 
Phone:    (1|06)    676-21i|l,    atten.   Mr.  William  H.   Edelman. 

Jni;^^J:'''"w^^   ^^*'^.  business   of   designing  and   constructing 
complete   hydroelectric   goneraUng   facilities.    They   start  at 

;i;«?hnfr'^'^.^°^^'^^^""«   ^^^  ^^^^^^^   '^^^^^  noJLfoperating 
method    is    to   develop   tne  site   for  the  sale   of  power   to    the 

ntii:    "^   nZ'^^^'F'    ^T^   developed   operation  is    turned   over    to 
others.    This    is  a    for   profit  operation.    These   people  are 
demonstrated   business   &   tecnnical  professionals. 

At  this  writing  the  following  suppliers  have  been  identified. 
Their  professionalism,  capability,  etc,  is  unknown.  mRC  will 
be   informed  when   the    facts   are   known. 

Energy  Equipment  Co.,    P.O.   Box   1066?,   Bainbridge   Island 
^shington  98110,    Phone:    (206)    81,2.7338,    attention  D^niiupakka. 
This    firm  appears    to   supply  all   tne    hardware   required   for 
power   generation  systems,    but  not    the    turbines o 

Energy  Control  Systems    of  Lake   Oswego,    1681,1  SW  Cortez  Ct.. 

Lake   Oswego,    Oregon  97031,,    Phone:    (503)    636^71+5,    atten.   R^n  Adams. 

Arnold   J,  Hanson,    Hydroelectric   Kilowatt  Chaser,    12202-122nd   st 
Puyallup,   Washington  98373.   Phone:    (206)    81,8-01,79 

IZ^^^'^f^k  "yf^°P°««^  Northwest/Planning  &  Permitting,   6OO   lat 
12^6)   61^17^56  '  Washington   98IOI,,   536   Pioneer  Bldg.   Phone: 
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Childs  &  Associates,  Hydro  Electric  Systems  &  Consultants. 
P.O.  Box  2217,  Bellinghara,  Washington  96277,  Phone:  (206) 
671-0107,   attent.   T.R.   Childs. 

The  manufactures    data   has   either  been  already  delivered    to 
Jeannie  Thurston  during   prior   visits    or  will  be   delivered 
personally   January  28,    1982o 

PERSONAL  ASSESSMbiNI    Ob'  Tllh,   PiiOJKCT 

After  studying   a    total   of    ten  potential  sites   I   feel   this   is 
one   of    the    more  outstanding  progranis    orgionated   by    the  Energy 
Division  personnel.   A  detailed   engineering   study  was    conducted 
at   each  site   for  an  average   cost   of  ^1,000  per'   site.   The   potent- 
ial site   developer   is    given  a   written   report.  Each  site  was 
visited.  All  the  engineering   measurements   were    taken,   water 
volume,    flow,    head,    topographical   survey,    elevations,    etc.  The 
need,    use,    electrical  peak  6c  average    loading   determined, 
capability   of    the    individuals    to  complete   the  project,   &  all 
information  necessary   to   determine    if    the   project   is    feasible 
was    collected.  After  an  engineering  study  was    complete   a    verbal 
and  written  report    is  prepared,    detailing   the  methodology 
employed,    the   actual   data   gathered,    conclusions   drawn,    recommen- 
dations,   supporting  rationale   and  probable   costs    established. 

When  complete, the   potential  site   developer  knows   wtiat   to  expect 
prior   to  any  funds   being   committed.   More   importantly,    the 
Energy   Division  has   a    technically   defensible  basis   on  which  to 
base  a    decision   to   fund   or  not   to   fund  a    potential  project. 
In  the    first   four  months    of    the    contract,   ii^66,000  was   saved   by 
not  funding   projects    found   to    be  non-feasible.    Funds    thus   saved 
were  made   available   to  projects    of  merit.  The   money   was   not 
wasted  and   the   government  &   its   people  were   not   subjected    to 
criticism  for   funding  projects   found   to   be   wostefuli^Both  the 
site   developer  &  the  Energy   Division  know  what    to  expect   in 
advance   from   the  project.   There  should   be   no   unexpected   surprises. 

The   project  was    personally   very  rewardingand    in  some   cases 
quite   exciting.   On     one    occasion  we  were   stalked  by  a   grizzly 
bear.   On  another  we  were    driven  up  a  i|.5   degree     mountain  in 
an  all   terrain  vehicle  with  part  of    the   wheels   hanging   in  free 
space  wi th  a   vertical  drop   straight   down  the   mountain,    I    think 
it  was   good  for  all  parties,   not   to  mention- the   fact   I  w««  able 
to  combine   earning  a    living  with  exclteraento    I  whole   heartily 
urge    this   program  be   continued   for    the    good   of  all( 


■  o 
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Engineering   report-James   Dick,    hydroelectric    system 


GENERAL  C0MI-J:J1TS 

The   site    investigated   is    located   approximately   1$  miles 
southwest   of  Cardwell,   Montana,    in  a   very  remote   mountain 
setting,   Cardwell    is    located   approximately   35   miles    east   of 
Butte,    just   or  1-90.    The    site    is   part   of   an   old   mining   claim 
commonly    called    "Bear  Gulch",   Access    is    initially   by   paved 
county   road,   which  becomes   gravel  and    then  an   unmaintained     , 
dirt   roade    It    is   necessary    to   park  in  a   meadow  area    1^   to       ' 
2  miles   from   the  property  boundryo    Just   prior    to    the   parking 
area    is    a    bridge    that    is    partially   washed   av/ay  and    is    unsafe 
to    cross.   Access    to    the  site   is  by  ^^fa Iking, horse,    or  some 
sort   of  an  all    terrain  vehicle.   Mr.    Dick   provided    transpor- 
tation  to    the    site    in  a    large    3/I|.   ton,   I4. -wheel  drive   vehicle. 
All   four  tirss  were    of    the   wide   variety  and   each  cnained.   The 
trip  was    slow,    exceptionally  exciting,    and   not   recommended 
for  anyone   with  a   heart  condition.    Access    from   the   parking 
area    to   the   property  boundry   is    by   an   old   logging   skid   trail. 
Springs,    streams   &   other   water  runoff   crosses    the    trail  in 
several  places.    It   is   narrow  with  2   to   3  cnan  size   rocks   in 
the    trail.    In  places    there   is    deep   mud.   At   one   point  a    culvert 
had  been  washed  away.   Small   lodge   pole   pines   were    laid  across 
th3    waterway.   Smaller  sections   were   placed  a  t   90   degrees 
across    these    to  make    a   bridge.    It   is    unlikely   the   access 
route  v;ill   survive   for  any    length   of   time   without  major 
improvements.   Mr.    Dick   indicated    the   trail   is    covered  with 
several   feet   of   snow   during    the    winter. On   occasion   it   was 
necessary    to   use  winches    to  gain  winter  access,   '-^he  general 
elevation   is   6,600  feet  at   the   lower   property  boundry,    and 
7,500  feet  at   tto    higher   end    .    The    property    is   a    long   narrow 
parcel,    going   up  Bear  Gulch,    with   the  unnamed   creek  meandering 
through  the    parcel 

The  property    is   being   purchased   on  a    contract   for   deed. 
The   property   consists    of  60  acres    and   came    into   legal  existance 
as  a    result   of  Mining  Claim  Mineral  Survey  No,   653^,    commonly 
called   Harlequin  Placer  Mining  Claim   .    Copies    of    the    legal 
instruments    presented;    contract   for  deed,    no   recording-   number, 
copy   of   warranty  deed,  and    copy    of    title   commitment    of  underlying 
contractor,    clearly   indicate   the  need   for  DNRC '  3    legal  staff 
review   ,    prior   of   any   contract    commitment,   Mr.   Dick  feels   he 
has   an  unencumbered  parcel  with  all  rights.    This    premise   is 
not  born   out  by   instrument   review. 

Mr,   Dick  has    a   wife   and   a  baby.    He   is    a    college  graduate, 
with  a   Bachelor    of   Arts   Degree   from  Fresno  Pacific   College, 
i^'resno,    California.    He    earns    his    Income   by    oil   painting. 
His   wife    is   a    regictcred   nurse.    They    just  recently   . 
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moved   from  Billings,    Montana    to   the    site.    Mr,    Dick   is    30 
years    old.   They  would    like    to   construct  a   5,000  square 
foot    home,   with  their    ov;n  labor,    fron  logs    felled   on   the 
site, at   the   higher   elevations    of    their   property.   Electrical 
power  from   the   proposed      hydroelectric    systeia  vjould    provide 
for    the    normal   house   hold   requirements.    He  v/ould    like    to 
provide   a    portion   of   the    heating   from  electricity,    as   x-;ell 
Mr,   Dick   desires   a    home   located  around    the    9>000   foot   level, 

li^lectrical  Load  >^na lysis 


The    following    is    desired   by  Mr. 

Dick: 

Clothes    dryer 

5,500  watts 

Dishwasher 

1,200 

Sma 11   power    tools 

250 

Freezer 

kko 

Garbage    disposal 

hk^ 

Iron 

1,100 

Range 

9,200 

Refrigerator 

600 

Television 

350 

Toas  ter 

1,100 

Was hingma chine 

500 

Water    heater 

5,500 

Oven 

8,000 

Coffee   maker 

1,000 

Lighting 

1.200 

36,305  watts 

Based   on   the    desired   electrical   load   approximately    30  kilowatts 
could   be   required   at   any   time   during   the    day. 

With   the    desired   electrical   load,    the   historic   average   power 
consumed  would    be  14.0    to  60  kilowatt  hours   each  2k.   hour  periods 

Load   suranary: 

30  KW  Peak  Power   required 

6OKWH  Average   power   each  2i|.  hours 

1,800  KWH   each  month 

21,600  KWH  each  year 

No   provision  is    made   for   electrical   resistance   heating,    for 
the    followlnj   reasons, 

1.  No   degree    data   available    for    the   site    on  wtiich   to 
base   a   heat    loss   analysis. 

2.  There    is   no   way    to   determine    heating    needs    of   a    yet 
to    be    designed   5*000   foot   house. 

3.  There   is    insufficient   potential   hydroelectric    power 
available   during    the  winter    to   be    considered   for   heating, 
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feet   down  the    mountain,    under   the  State  highway,    and   run  a 
generator.    Power   thus   produced  would    be   used   to  heau   the 
home    in   the  winter, power    the    usual   electrical  load,  &  provide 
irrigation  in   the    summer.    In  the   proposal   it  was   stated   that 
DNRC's   staff  had   measured    the   head  &  water   flow.   The   power 
calculations    indicated   a    maximum   of   3  kilowatts    of   useable 
power  could    be   generated.   Due    to    the    vagjpt»nes3    of   site   descript- 
ion provided    by  Barnard   and    their  non-availability   to   assist   only 
the    section  could    be    located,    and  not   the    exact   site.    It  was 
therefore   not   possible    to   survey  the   site.    Judgemental  factors 
indicated    that    due    to    the   very   small  volume    of  water,    the   1,200 
foot   distance,    trie    fact    that   the  electrical  power    lines    ran 
down   the  highway,    very  close    to   any  point   in   Lhe   section^    the 
astiraated   costs    of  ^i4.1,3^0   to   develop    the    project  compared    to 
a    couple   hundred    dollars    maximum   to   hook   up    to    the    existing 
electrical  power,    that    the    projeci.   would   not   be   feasible,    x'he 
snail   potential   of    the   site   would   not    be    capable    of   providing 
evens    fraction   of    the   normal  electrical   power    requirements    of 
a  home,    let  alone   heat   it. 

Due    to    the   lack  of    cooperation  from   the  grantee  and    the   above 
factors,    it  was    determined    this    site   was   not   feasible.   After 
the    study  was    completed  and   submitted,   1   was    contacted    by  hr, 
Barnard.    I  was    read   the    riot   act,    learned   a   few  new  verbal 
superfluous  words    ,    and   had   personal  cause    to   suspect   the 
motives   behind   the   grant   application.  The   project  was   not 
recommended  for  development. 

Site  if   $.Slx  Shooter  Ranch  Co,,   Big   Timber  Montana 

The  Six  Shooter  Ranch  Co.,    located  approximately   8   miles   north 
of  Big  Timber,    requests    DW  RC   study  a    cenal  &   falls   flowing    through 
the   ranch   to   determine    its   hydroelectric    potential.  Water   flows 
through  the   canal  5   months    out   of    the    year   and   is    eventually 
consumed   by    the  ranchers    along    its    route.    The    site      had   approx- 
imately  33  C.P.S,    water  flow  and  a    vertical  drop    over  the   falls 
of  37i  feet.    Primary   electrical  power    is  within  600  feet   of 
the    site.   A.  conservative   estimate   would   have    the    site   producing 
approximately  65   kilowatts    of  power   2\\.  hours    each  day   for    the 
time  period    the  water   is   available.  This    amount   of  power   is 
far    in  excess    of   the   ranch  needs.   Several   design  options  were 
analyzed,   ranging   from  selling   the   power    to   tne    utility   company 
on  a   5  month  basis,    devising   a    means    of  year  around  water    flow 
to   sell   on  a    12   months   basis,    to  generating   power  for  ranch 
consumption  only, 

Tne   »ite    is   an  exceptionally   ideal  one   from  a    technical  &   practical 
consideration  consideration.    Unfortunately    the   cost   to   develop 
the    site   makes    it  extremely  non-cost-effective.   The    ranch  owners 
are   obviously   very    capable   people.    It   was   suggested    that   it 
would   be    possible    for    them   to    devise   ways    to    overcome   some    of 
the   problems    identified.    These    people    have   historically    found 
ingenuous,    low  coat   solutions    to   propleras.   They  were   provided 
a    statement   of   what    problems    they   face   and    the   associated   costs. 


If    they   can   devise  a    means    of   solving    some    of   tneir   cost 
problems,    then   this   site   could    become    quite   feasible.    The 
two  fundamental  problems   were    providing  water   flow  for    the 
entire    year  and    the   high  cost    of   tbe    generating    equipment 
required.    It    is    recoromended    this    project  be   simply   placed    on 
a   back  burner  pending  well    thought    out  proposals    from   the 
ranch  personnel.   Should    they   request  assistance    it   should   be 
favorably  considered. 

Site  if  6.   City   of   Bozeraan 

Mr.   Russ   Helikor,   iinergy  Planner   for    the   City   of   Bozeman, 
requested   DNRC    study  Bozeraan  Creek   to    determine    its   hydro- 
electric   generating    potential.    The   City   desired    to   use   the 
power    to    light    its    downtown   buildings,    sell   excess   Dower   to 
the    utility   company,   and    utilize    the   site   as   a    public    demon- 
stration  of   renewable   energy  at   work, 

■t*'lve   potential  sites   were    identified.  An  engineering   study   was 
conducted   at   each,    For  each  site,    the   net   useable   amount   of 
electrical  power  was   determined,    the    cost  to   construct    the 
facility   estimated,    and    the   revenue    the   City  might   expect  was 
calculated.    The    following  sites  were   studied, 

1,  The    diversion   dam   a  li   the   mouth  of  Bozeman  Canyon, 

2,  The   pre  sedimentation  settling   basins. 
3«    The   municipal  water   reservoir, 

h»    Down   town  Bozeman,    adjacentc   to   the   new   library, 
5.   Along    the   railroad   right    of  way    to   the   City  r^ark. 

In  each  case    the   cost   to   develop    the   site  was    excessive   when 
compared    to    tne   revenue   it    would   produce.   Uncontrolled   flooding, 
very  shallow   land  &    legal  problems   also   complicated   each  site. 
Unfortunately,    none    of    the    sites    ln/7«stigated  were   feasible. 

In  each   of    the   above   sites,    the    engineering   report   should   be 
read    if  additional    information   is    desired, 

GENERAL  METHODOLOGY   USED 

All  proposals    and    available    history   of   the  project;  wer^    read. 
The    principals   were   contacted    to    learn  first   hand   how   they 
viewed   their  project.    This    established   what   they   expected    of 
the   project    in   terms    of    time, cost,    performance,    etc.   The  site 
was    visited.    The    width   of   the   wate.'   way  was    measured,    using   a 
steel   tape.    Several   measurements   were    taken  and   averaged.    Next, 
the    depth   oi'    the  water  Was    measured    every   few   inchet   at   the 
exact  point  where    the  w  idtn  was    measured.  The   flow   of    the   water 
was    measured   by  a    stop  watch  measurement  of   the   time   required 
for  a   wooden  float   to   pass   a    measured    distance.  The  following 
formula   was    used    to   calculate   flow.    The   widtn   of    the    creek,    in 
feet,    tiroes    the   depth   of   the  creek,    in  feet,    times    the   distance 
the    float    travels      in  one   minute,    time   the    constant   Oo8,    equals 
the    cubic   feet   of   flow  per  minute,    divided    by  60,    the  flow,    in 
cubic   fest  per  second,    is    available. 
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A  Keuffel  &  Esser,    K  &  E,    surveying   transit  was    used.    The 
instrument    was    set   on  a    rigid   tripod.   Each  leg  was    secured 
in   the    soil  and  all   clamps    tightened,    i'he   plumb    bob  was 
centered    over    the    marked   and   measured   point  where    the    last 
rule    had  been  placed.    The    instrument   was   bubble   leveled   over 
360   degrees.   A  calibrated   surveying   rule  was    used.    It   has 
an  extended  height    of   13   feet,    plus.   The   method    used   was 
stakes    dox-m.  a   hill.   The   distance   from   the   transit  eyepiece 
to    the    point   latere    the    plumb   pob  was    tangent    to   the    stake 
was    measured.    The    vertical   distance    from    the    stake    down  hill 
to   the   point   of   level   intersection   of   the   surveying   rule, as 
seen  through  the   transit    telescope  was   recordedc    The   distanqe 
the    transit      eyepiece   was    above   the    stake    is    then   subtracted 
from   the   distance  measured    throught    the   transit,    for    the    true 
vertical  distance   between  stakes.    The   process   was    repeated 
down   the   2,850  horizontal   feet    covered.   A  calibrated    steel 
tape  was    used   to   measure   horizontal   ground   distance  between 
stakes.    The    slope    of    the    terrain  was    constant   enough,    to 
allow     horizontal  ground   measurements.    The   ground    measure- 
ments  are  close   enough  to   be   used   for  penstock  pipe   lengths. 
The   angles,    vertical  distance  and  horizontal  distance  v;ere 
recorded  and  will  be   retained   should    true  horizontal  distance 
or  earth's    radians   ever  be   desired. 

pov;eh  calcuiations 

Basic   formula    to  be   used: 

Power,    in  kilowatts   =  Cubic   ft.    sec,   x  head   in  feet 

iTTB 

NO  LOSS    calculation  at    time    of    high  water 

7.96666    cfs   X  3lile8l  ft  =      230,76  KW 

The    '-'no   loss"   povjor   must  be   reduced   by  the    following: 

1,  I'^IoxnT   at   lovi  water 

2,  Head    loss   due   to   penstock  pipe   friction 

3,  Turbine    efficiency 
[|..    Generator   efficiency 
5c    Transformer   losses 

6,    Transmission   line    losses 

Flow  at   low  water.    Per  Hr.   Dick  water  will   be    one   third    the 
volume    at   low  water.    Therefore   multiply   flow   by   0,333 

Head   Loss    due    to    pipe    friction.    Assume    PVC    plastic   will  be 
used.   This    assumption   is    based    on  orice   and    the    smooth  wall 
which  will   reduce    boundary   turbulence   and    make    the   flov;  more 
laminlar.   Exact   pipe    size  and    cor.jpositlon  will   require   a 
detail   design  and    cost-effective    trade-offs.      or   the   purpose 
of    initial   baseline    f e-s ibill ty ,ass ume    6    inch'PVC    in    the 
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region  where   head    loss   will   occur.   Six  inch  PVC      has 
11.787   feet   of    loss    per    1,000   feet   of  pipe,   '^ompute 
loss:    11.787  X  2.85(2,850   feet  x  O.OOIJ    =   33.59  feet 

31^1.81  head 

-33«59  head    loss 

300.22  "fee  \j   useable   head 

Turbine    efficiency   Only   when  a    turbine    can  be    designed    for 
a   fixed   flow  and   a   fixed  head,    can   the   efficiency  be    optimum, 
•f'or   a    small   power   ays  tern,    a    standard    turbine   would   be    requii^ed, 
mainly   due    to    the    excessive   cost    of    having   a    design.    The         ' 
most   likely    turbine  will   be   a   pelton  wheel   of  some   sort, 
again  because    of  cost.   Use   80^o  Turbine   efi'lclency   for   initial 
planning    purposes. 

Generator    efficiency.      Assume    85^ 

Transformer   losses   "^Ince    transformers    can  be   selected    it 
Is    realistic    to   assume   a   maximum  of  5/^   loss. 

Transmission   llne^   losses   Primary   power    is    required.    Voltage 
will'   be  2,14.00,7,200,    or    lij.,li.00,    depending   on   cost   of  wire 
tradeoffs    with    loss.   A-ss  ume    $%  for    planning    purposes. 

Calculate   available    power  as    follows 

KW   =7.9666    cfs    X  0.3331/:^    for   low  water)    x   308.22   ad.j.    head 

1178 

equals  69.29  K\\f 

X      0.8        Turbine    efficiency    ' 

62,1}.  KV/ 
^     Q«8^     Generator   efficiency 

"TTkw 

X     0.95     Transformer   loss   a^  $fo 

50  KW 
X     0 . 95     Transmission  line    losses 

i|  8  KW 

For   purposes    of  planning,    assume  [4.8  KV/   of   power    Is   available, 
IF     Mr.    Dick's   estimate    of   low  water  flow   is    valid   and    If 
the  penstock  pipe    Is   made   large   enough  to   allow   unrestricted 
flow   of  water.    Judgement   indicates    the   penstock  pipe   costs 
will   be   such   that   a    smaller   pipe  will   be    required*    This 
less    than   ideal  pipe   size  will   further   reduce    the   power 
available    by    ono    third,    i|.8   IvV7   x  0,666    equals    32   KW. 

POVffiR   AVAIIABLl.       32    Kilowatts 
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COST  ANALYSIS 

The   following  are    required 

1,  A  means    of   diversion   of    the   water,   &   overflow. 

2,  A  means    to   prevent   trash  &   debrles   from  entering   the   pipe. 

3,  A  means    to   control   the   flov/   of  vxater   into   the  penstocii 
il,  A  penstock  pipe   from  water    diversion   to   turbine. 

5.  A  means    to  control   penstock   to   atmosphere   pressure. 

6.  A  power   house. 
8o     A   turbine 

9.  A  generator  f 

10.  A  control   system 

11.  A   primary   to   secondary   set   of   transformers,    2   eacho 

12.  A   tail  gate. 

13.  Rip-rap. 

II4.,    Direct   burial  primary  voltage   transmission  lines. 

15.  Lightonin/^   arresters 

16.  Junction  box(s). 

Only   the   significant    cost   items   vJill  be    listed   at    this    time. 

Pipe   costs   at  wholesale 

15"  SDR  30/30  gravity   sewer   plpe,l/8  in. wall, costs          $10.30  ft. 

12"   SDR-Ij-l  gravity   sewer  pipe,    O.305  in.    wall,    costs          6.00  ft. 

12"   PVG,    200    PSI,  18.00  ft. 

10"    PVG,    200   PSI,  13.00  ft. 

8"      PVG,    200   PSI,  8.00  ft, 

6"      PVG,    200   PSI,  6.00  ft. 

Pipe   cost,    based   on  reducing   penstock  diameter     &   resultant 
po\-;er  by  approxirre  tely   l/3rd,   plus    using    low  pressure   pipe, 
sewer  pipe, at   inlet,    13.5^   inch  diameter    is    required   at   the 
inlet   during    low  water  flow.   As    the  pressure   increases,    smaller 
diameter  pipe   can   be    used    to   maintain   flow, 

500   feet    15"   SDR   3O/3O      <§  ^10.30   ft  !;^5,l50,00 

300   feet    12"   Sra-i+l  gravity   &  $6,00  ft  1,800.00 

910   feet    10"   PVG,    200   PSI  (2^3.00    ft  11,830,00 

570   feet      8"    PVG,    200   PSI  ®  ;{?8.00   ft  i4.,560.00 

570  feet      6"    PVG,    200   PSI   @  $5.00    ft  2.8^0.00 

Total  pipe   cost  $26,190.00 

2  transformers  @  $500  each  1,000,00 

3  lightening  arresters  Q  $100  each  300.00 
1  Junction  box  lOOoOO 
Ij.  wire  end  protectors  @  §100  each  I|.00.00 
lj.,350  feet  primary  wire  ®  $1.00  foot  i|,350,00 
Turbine/generator  @  30  KIV  capacity  (estimate  only)  15,000.00 
Total  of  significant   material   costs:  $ij.7,3lj.O,00 

As    the  first    cut    is    for   purposes    of   determining   feasibllltyf 
only  the   significant  material   costs    are    identified.   At   this 
point   the   first    conclusion  can  be   drawn,   Mr.    Dick  will   consume 
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an  equivalent   of  $700  worth  of  electricity,    if   it  were 
purchased   at    typical   public    utility    or   cooperative    rates. 
Ihis   figure    is    based    on  21,600  KWH   a    year   @   3,21|J!^/KV;H, 
The   cost   of  significant   materials    only,   without  any   labor 
would   be  $l4.7»3l]-0.   When  necesary   labor  and    required   engineering 
assistance    is   added    to    the   material   cost,    it   would    appear   the 
cost   of    the    project    is    excessive   compared    to    the   benefits 
obtained.    One   of   the    purposes    of   the   grant    program  is    to 
demonstrate   projects    to   the   public,    ^ue    to   the    location  of 
the  site,    the    physical  access   restrictions,  and    the    climate 
experienced,    it   is    extremely   unlikey   this    site   would   be 
capable    of  being    demonstrated   to    the   public.    To   fund   a    system 
with  the    cabability    to   generate    the   peak  pov;er  required  by     " 
Mr.    Dick  would  be   tantamount   to  a   gift    of  funds   serving 
the   personal  needs    of  Mr,    Dick  without  meeting    the    spirit   or 
requirements    of   the   program.    The    cost   to   benefit    ratios, 
plus    the    lack  of   capability    to   demonstrate    the   project    to 
the    public,    would    indicate   generating    peak   power   is   not 
feasible. 

Another  problem  that   must  be   solved    if  peak  power   is   generated, 
is    the    question   of  disposing   of    the    excess, Mr,   ■^ick  may 
consume   30   KW  a  t   peak   loading,    however,    the   average   power 
consumption    is   approximately   2,^  KlVs,    The    public   utility   power 
is    7,535   feet   away   from   the  potential  generating   site,    and 
would    cost   approximately  $25,270   to   bring    in  a   transmission 
line    to  accept    the    surplus,    plus    an  additional  ifl0,000.    to 
^15,000,    worth   of   connecting   equipment.   It    does   not  seem 
prudent   to    bring    in  utility  power    to  accept    the    excess.    The 
other  means    available    are   either   control  or   dissapation. 
Both  are   technically  feasible,    but   require  additional  and 
significant   expense. 

Summary   of   the  concept:    "Generating   Peak  Power  Constantly" 

Generating    peak  power  constantly    is   not   feasible    because   of 
excessive   costs   fcr    a    small   return,    not    in  keeping  with 
the  Renewable  Energy  Bureau's   Program    's   goals  &  requirements, 
and    the    inability    to   demonstrate   the   project   to   the   public. 

STORING   EI^CTRICITY 

In-as-much  as    generating   peak  power   is   not  feasible,    a   second 
feasibility   study   to    determine   the   feasibility    of   generating 
average   power,   storing   the    energy   until  needed,    and    then 
developing   a    peak  generating   system   ,    was    conducted. 

The    basic   concept   is    to  generate    electrical  power  at   the 
"essential   net   average",    2i\.  hours    each   day.    The    energy    is 
stored    in  deep-cycle   batterys.  When  peak  power  is    required 
it    is    generated  from  storage.   The    lead-acid   battery    is    the 
only  reasonable    cost   means    of   storage   for   a    remote   site. 

The    system  was    derived  a  nd    designed   as    follows. 
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60  KWhours    consumed    each  21].  hours   =  2,$  KWH  average   each  hour. 

If  2,5  KWH   are    actually   consumed,    good    engineering    judgement 
of    the    losses    in  a   battery  system  require   a    system  capable 
of  generating   twice   this    amount    of  pov;er,    or  a   5  KW  system. 

The  first   step    is    to   determine    the   head   requirement  for  a 
5   KW  sys  tern. 

7.9666  CFS  X  0.3333   (low  water)    x  unknown  head   =  5  KW 

Head,    with  no    loss,    is    then   22.214.   ^t. 

To  account   for  an   increase    in  friction   through  the   pipe    in 
time,    and    the  slow   detedation   of    the      capability   oi'   the 
battery  to   store   for   prolonged   periods    of    time   the    head 
should  be   increased   approximately    30/o.  A  head   of   31.375   ft. 
will  be    used   for  design  purposes. 

Calcula  tions    continue: 

7.9666  CFS  X  0.3333  x  31.375   ft  -  7  KW    (no   loss) 

llTB 

Referring  to   the    elevation  survey   300  feet  of  penstock  will 
produce   31.375  foot  head.    The   pipe    loss    is   negligible   at 
300  feet  and   will   be   neglected   for  the   purpose   of   initial 
feasibility  calculations.    The    system  will   be   sized  for  300   ft 
of  pipe,    31«375   foot  head,   producing  a   no    loss    7  kws .    This 
will   support  a    net   2,5  KW  actual      consumed   average   power   system. 

Battery   design;    Batteiy  storage    is    difficult   to  predict   under 
ideal  conditions.   Less    than   id«el   conditions   will   be  experienced 
at   this  site.    The  number    of    batterys    required,    plus    compliance 
with   the  National  Electrical  Code,    dictate   a    special  facility 
be    constructed   to  house   the    banks    of   batterys.    The   structure 
must   have   positive   venting.    This    means    a   winter   operating 
environment   v*iere    the   battery    is    cold.    If  the  battery   is   kept 
at  full   charge,    the    lifetime   should   be    or  better  stated,    could 
be   10  years.    The    chemical  change,    comuonly  called   sulfating, 
takes   place   as   a    function   of   level   of   charge   maintained.    The 
trade-off    is    between   the    number   of    initial  batterys   and   the 
life    time,    measured    in   cost. 

There    are    two  battery  systems    posiiible.  The   first   is    to  wire 
all  high   power,   non-frequency  dependent,    elements    in  the   house 
to  battery   power,   A  bank  of    l8   12   volt   batteries   connected    in 
series   would    produce   216   volts   D.C.,    adequate  for    conventional 
elements   requiring    220  volts  A,C,.    For  example,    the   heating 
elements    in  an   electric    dryer   could    be    connected    to  a    216   volt 
D.C.    source    and    function  normally,    if    the    battery    bank  had 
sufficient   capacity.    The    generator  would    be   connected    to   the 
normal   convenience  A.C.    i?eceptacles    for   low  power  60   cycle   use. 
The    battery   bank  would    be    center    taped    to   provide    108   volts 
D.C.   for  the    equivalent   of    110  volts  A.C.   The   second   approach 
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is    to  wire    the    house   in  a    conventional  manner,   and   connect 
an  inverter   to   the     battery   bank    to   provide    the   amount    of 
A.C,    power   on   demand. 

The  first    step   is    to   size    the    capacity  of    the    battery  bank. 
This    is    computed   as    follows    on   the    b^sis    of  a   bank   of   18 
12    volt   batterys      in     series. 

30  KW,    30»000    watts,    is    the    peak   power   required   for    the 
"Dick  home,    I8   batterys    in   series    produce   216   volts. 

30,000    (watts)    -7-   216    (volts)    =   138    (amps)      ohm's    law  , 

To  produce   30   KWs    of   power,    a   bank   of   I8  batterys    in  series 
would    have    to   provide    I38  amps    current  flow.   Since    the   batterys 
are    in  series,    I38   amps   would    be   flowing   through  each. 
Each   battery   is    12  volts.    The   power  per  batteryis    computed 
as    follows: 

138    (amps)   X  12   )volts)    =  1,6^6   watts 

Each  12  volt   battery   must   deliver   1,6^6   watts    to  provide    the 
30  KWs   required  at  peak  power.   Sears    type  l\.Q  battery   specifi- 
cations   indicate  it  will  supply   262  watts   for  20^  minutes « 
It   will  supply  6,720  watts   for  30  seconds   as   well.  Assume 
the   battery  will    be   allowed   to   discharge   2$%  of  its   capacity, 
(    This    is    an   iteriative   analyses    to   optimize    initial   cost   of 
a   battery  bank  with  life   cycle    time,    &  measured   in  discharge^). 
Further  assume   the    peak  power  will  be   required   for    one  hour. 
The    requirement   per    12  volt  battery   bank  then  becomes    to  supply 
1,6^6  watts   for   60  minutes   and    discharge    only  2$%   of  capacity, 
3»3l6   hours    (    205  minutes    divided   by  60   minutes)    at   the    rate 
of   262  wwatts    is    the    Sears    type  14.8   battery   capacity, 
.3.316    (hr)   X  2^%   (desired   discharge)    -  0,851+  hours.    The   single 
battery   could   produce   262  watts    for   0,8514-   hours    and   consume 
2Sfo  of   its   capacity,    1,656  watts    required   divided  by  262  watts 
provided   p^r  battery   equals   6.32  batterys   connected   in  parallel, 
6,32  batterys,    in  parallel,   would   produce    12   volts   at    1,656 
*»-bt-s-f -f  or   0,8514-  hours   and  consume   25  %   of   their  capacity, 
1,0    (desired    hour  of   power  production)    divided   by   0«85i4.    (    hours 
of  capable   production  of  6,32  batterys)    equals    1,171   times 
6,32  batterys    equals   7«l4-    .    7«   U  Sears    type   [4-8  batterys,    connected 
in  parallel  will   then  produce   12  volts   at   1,656  uatta    for  one 
hour  and    consume   25^  of    their   capacity.    Rounding  uf  the   T,k.    to 
8,    the   design  becomes    8  batterys   connected    in  parallel,   with 
18    of   these   banks   connected    in  series,    for    a    total   of   'll^l\.  Sears 
type  I4.8   batterys.    The    system  of    batterys   will   produce   30  KWs 
for   one   hour  and   consume   2^%   of  the    battery   capacity.    This 
completes    the    battery   analysis. 

In  the    case    of   Mr.    t)ick,    should   a    battery   storage    system 
be    deemed   feasible,    an   inverter  would    probably   be    required. 
An  engineer  would   have   to   design  the    entire    house   wiring   and 
the    reqirlng   of  all  appliances    to   work   on  a    D.C.    system,with 
normal  A.C.    outlets.    It   is    unlikly  an  engineer  would    be 
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available   for    the    project.    The    system  is    then  costed 
as    follows. 

150  feet   of   SDR  30/3O  gravity   sewer   pipe  @  $10.30   ft.   ^l,5J4-5.00 

150   feet    of   SDR-i|l  gravity   sewer   pipe  @  $6,00   ft                       900.00 

2  each   transformers  <S  $^00  ea  1,000,00 

2   each   lightning    protectors   @  $100   ea  200.00 

2  each  wire  end   protectors  @  $100  ea  200.00 

1,800  feet   primary  wire  @  $1,00   ft  1,800.00 

l4Ij.  batterys  0  $^0  each  7#200.00 

Controller  1,800.00 

Turbine/generator  7»OOQoOO 

Inverter  @  30  KVJ   110/220  VAC  12.000. 00 

Total  of  significant   material  costs  $33»oi+5V00 

Summary   of   the    concept:"  STOmNG  ELECTHICITY" 

The    only   difference    between  storing];    electricity  and  generating 
peak  power,   as    far    as  Mr,   Dick  would  be    concerned,    is    the 
cos  to  When   the    battery   facility   and   ttie    additional  engineering 
costs   are   added    to   tte    storage   method,    there   will   be    little 
difference  in  costs.    For    the    identical  reasons   stated    in 
the  summary   on  generating   peak  power,    storing   electricity 
is  not   feasible   either, 

BRINGING   IN  PUBLIC    POV/ER 

For  purposes    of   comparsion  and  puting   the   prices    into   the 
correct  perspective,    the    cost   of  bringing    in  electricity 
was    exarainedo    Mr.    Dick  stai.es   electricity   is   available   from 
a   public   utility   7,I|.85   feet  from  his    property    line.   From 
the   power  line    to    the    site   of  Mr,   Dick's   proposed   home,    is 
11,885  feet.    The    typical  cost   of   bringing    in  power   is   ^2.00 
per    foot,    plus    mileage   for    the    crew. 

Cost  to   bring    in  power    is    therefore   estimated: 

11,885   feet  x  $2.00   per   foot   =  $23,770,00 
Mileage    estinste  1.500.00 

Total   cost  $25,270.00 

General  comments    on   the    pro.ject 

Mr.   Dick   desires    to   place  his   home   approximately   1,500  feet 
above   the   potential   dam  site,    in   the    8-9,000   foot   elevation 
area    of  Bear  Gulch. A  minimum  of  I;,  350   feet   of   high  voltage 
transmission  line  would   be  required,   for  a    system  producing 
peak  power,   and   1,800  feet   for  an  average   power  system.    These 
systems   are   dangerous.   Mr.   Dick  does   not   have    the  knowledge, 
training,    or   experience    to   service    such  a    system.    Due    to    the 
remoteness,    lack   of  access    and    the  weather,    any   malfunction 
would   not   be    taken  care    of    until   summer.    Malfunctions    could 
occur    that    would    destroy    the   system,    cause   personal  harm,    and 
start   a    forest   fire,    Mr.    Dick   indicated    he   would    like    to 

•12- 


James  ^o   Dick 


construct   an  earth   dam  to    impound   20   feet   of  water,    making 
a    lake    for    fishing,    Mr.    Dick   does   not  posess    the   knowledge 
to   construct   such  a    dam.   The    soil   overburden,    permeability 
of    the   subsurface   structure   and    lack  of   suitable   foundation 
all   preclude   and   water   depth  over   that   requsite   for  a    small 
water    diversion  site.    The    site   is    in  a   gulch/canyon  area. 
Any   sudden  runoff  would   breach  the   dam.    Dear,    elk  &  bear 
frequent    the  area,    as   well  as   burrowing    rodents.   All   would 
undermine   a    dam.   A   large   dam   of  any   design   is   not   feasible. 
Under  no   circumstances   should  a    dam  be    constructed    that  vjould 
impound   significant   quanities    or   depths    of  water.    Dam  failure 
would   endanger    life   and   property  at   lov;er   elevations,   hr»   Dick 
was   not  aware   of  a  concerne,  .    There    is    insuf  I'lcient   materials 
available    locally    to    construct   a    dam  foundation,    seal,    and 
preclude   seepage.   Without   these   any   dam  would   fail  in   time, 

LEGAL  COHSIDi^RATIQNS 

Attached    to    this    engineering      report  are    copies    of: 

1,  <^ontract   for  deed 

2.  V/arranty    deed 

3»   Schedule  B,    '-t^i  tie  Co.    comriitment   showing   title 
vested    i,n   the    name    of  Wayne  E.    Stephens   with   the 
proposed    insured  being   Kenneth  V,   Ward. 

If  DNRC    considers   funding    this   proposal, a    carefull   legal 

review  of    these   documents    is    urged. 

Mr,    i^ick   is    purchasing   this    property   on  a    contract   for   deed. 
The    land    is    subject    to   several  underlying    instruments, 

SUMMARY   &    RECOI^K-^NDATIONS 

Cost   summary: 

Opt  A      Cost    to   generate   peak   power,    materials    only     $14.7, 3i^-0.00 
Opt  B     Cost   to   generate  average   power  &   ^re, materials 

only,    &  no   required   engineering   effort  $33,645.00 

Opt  C      Cost    to   bring    in  public    utility  4^25,270,00 

The   project  can  not   be   demonstrated   to    the   public  as    the   site 
is    remote,    literally   inaccessible   due    to  weather  and   access 
route.   Any   expenditure   of   funds   would  amount    to   an  outright 
grant    to  Mr.    Dick  without  public  benefit.   Mr.   ^ick   does      not 
posess    the   skills,    knowledge    or  experience   necessary   to   perform 
the   tasks    required    of   such  a    project, An  equivalent    of  ^7C0  worth 
of   electricity   would   be    consumed    each  year.    The    above    cos  ts    to 
this    benefit    is   a.  very  pour   return  on   the    dollar.   The   project 
is    physically    unsafe    to    Mr.    ^ick,    the   area    of   water   diversion, 
the    pipe    line,    &    the    life  &    property   of    those    downstream   in 
the  event    of  a    failure.   A   primary   power    transmission   line,    with 
a    high  voltage    between   2,[;00    to   ll|.,i|00   volts   would    be    on   site. 
This    is    extremely   dangereous    in   the    proposed   environment. 
The   project   is    determined    to    be   not   feasible  &    should   not    be 
considered   for   funding. 
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"Overshot  water  power  project 
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Recommendation:    The   use   of    ttie    proposed   water  wheel  is   not 

feasible.    The    project    is    recominonded    for 
funding   at   an  anticipated    cost    of  s,'23, 525. OtJ, 
for    impleraentatlon   of   a    turbine/generator 
system.    This   approach   is   feasible. 
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GENKKAL  CQMMMfTS 

The    site    investigated    is    located    In   the   Castle   Kountain 
mining  area.    The    site    is    on  a    potential   mill   site, located 
on     Boulder    Creek,    1-2   miles    west   of   what   once   was   Castle 
Town,    an    old    mining   settlement,    located    in  Heagher  County, 
In  Section    13,    Range    8   North,    Township   8   Last,    -i-'his   area    is 
approxime  te.  ly    65  miles    east    of  Helena.   Before    the    turn   of 
the    century,    the    entire    area    was    the    scene    of   extensive   gold 
and    other   hard    rock  mining   activity.    Legal    use    of    the    land, 
which   is    under   control   of  U,S.    Bureau   of   Land   Management,    is 
dictated   by   the    P'ederal  Mining  Act,   Mr,   Murnion  has   properly 
staked    a    claim    to   k.0  acres,    marked    the   I4.   corners    as    prescribed 
by    law,    and    is    v/orking    the    claim.    Deed    to    the    land    is    provided 
after  6   years,   Mr,   Mumion   intends    to  mine   gold    bearing   ore 
by    drilling    into   vertical   seams    of    tne    vein,    blasting    the 
stratum   into   smaller    rocks,    and    then  hauling    the    rocks    to   a 
ball  mill.    The    rocks    will  be   pulverized    by    tne  ball   mill.    The 
resultant   powder   will    be   processed    to   extract    tne    gold,   Mr. 
Mumion   desires    to   construct   an   overshot  water  wneel  on  Boulder 
creek    to   drive   an  electrical  generator   to  produce   the  power 
required    to    operate    the    mining   equipment.    The  mine   would 
employ    2    to    3    individuals.   Without    electrical   power,    tne 
raining    operation  would   be   performed   by  hanc^   power,    seriously 
hampering   productivity.   Access    to    the    site   would   require    the 
improveraent   of   a    trail.    This    does   not  appear    to   pose   any    legal 
or   practical   problem.   Mr.   Murnion   is   a   man  who  has    tne   capability 
to   make    things  happen.   He    is   a    rancher,    living    I3  miles   iVt,   of 
Shawmut,    Monoana,    he   owns    the    necessary    heavy   equipment   for 
road    construction   and    mining    operation.    There    is    no    question, 
but   he   has    the   capability,    judgement,   and    experience    to   success- 
fully   undertake   nis   mining  an(i   electrical  generatin^;   project. 
He   has   extensive   experience    in   comparable    construction  in 
northern  Alaska    and    the  Artie.  Mr,   Murnion   has   planned  and    is 
implementing   his    project   on   a    logical,    step    by  step  basis.   He 
is   being   guided  by   a  Mr.   Leon  Purguson,    an  engineer  with  a 
background   designing   aircraft   electrical  systems.    Public   access 
to    the    demonstration  project  woul.i    be    limited    to    summer, as    the 
area    is    subject    to   winter   snow   pack.    This    project   should    be 
ongoing   for   many    years,    if  not   indefinitely, 

iilLECTRlCAL  LO/iD  /iNALYSlS 

Mr.   Murnion   desires    to   operate    tne    followirifj: 

Ball  mill  ^.   10  H.P, 

Air  Compressor  (i^  10  ii,P, 

Lighting 

Refrigerator 

Deep   freeze 

^mall   heater 

Misc. 

Total  18,31     KW 
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SFECII^TC    DATA   GATHERKD 

i^'low  measureraents 

Width  or    tb.e    waterway:    13   feet-6    inches 

Depth   measurements:    (all   figures    are    in   inches) 

7, 8^10,5, 12, 10, 8,  Ui,  18, 10, 8,6,1+ 

Average   depth  ivas    9.23    inches,    0.7692   ft» 

Water  velocity: 

Float   distance    measured   was   h.0   feet 

Float   time,    in   seconds,    for   each   time  a    float   was    measured 

6,6,54,i].i,5,5»i^i,5i,5i,5  AveraKe  5.2g  seconds 

Method  used 

Depth  measurements   were    taken  at   equal   divisions   across 
the    point   where    the    widtia   was   measured.   The   width  was    measured 
by   a    steel   tape,   A   distance    of  i+O   feet   was    measured    on    the 
stream  bank.   A   line  was    marked   perpendicular   to    the   flow,    at 
each  end    of   the   [\.0   feet   distance,   A  wooden  float,    wibh   2/3r*ds 
of    its   height   submerged   was   placed    up   stream.    Time   was   started 
when   it   passed  t he  f  irst    line   and   s toped   when   it   passed    the 
second.    Any    float    that    swirled   was    discarded, 

Floxj  calculation 


The  f  ollov;inc^';   formula    was    used    to    calculate    flow. 
The    width   of    the    stream,    in  feet,    times    the    depth,    in   feet, 
times    the    distance    the    float    trt-vels    in    one    minute,    times 
the    constant,    0,8,    equals    the    cubic    feet    per   minute    flow, 

Widtti   of   stream:    13.5   feet 
Depth   of   stream:    0,7692   feet 
Average   flow    time :    S,2^   seconds 
Flow    distance:    i|.0   feet 

Calculate    Ci^M   as    follows 

13.5  X  0.7692  X  0.8   X    (    60    -2-   5.2^   x  k^    )    -  GFM 

CM  8  3,797  -i-  60  =     63.28  (JFS  Flow  6/15/81 

Mr.    Murnion   stated    that    during   ttie    period    of   time    he    intended 
to   use    the    site,    the    flow  would   be    reduced   by    10%   of   tiiat 
meas  ured, 

63.28  Ci-'s  X  0.9  =  56.95 

Therefore,    per  Mr,   Murnion,    the    design   flow  for   use:    56.95  CFS 


-3- 


James  W,    '   Tnion 


ELEVA TION    MEASU  RKI^IEN  TS 


A    potential    site    for   water    diversion  was    selected,    Ihe    point 
v;as    in   the   area    where  Mr.   Murnion  wishes    to   build   his    uall 
will   and   a    cabin.    The   site   was    adequate    to   divert   sulTicient 
water  without   disrupting   the  normal   stream  flow.    The  point 
of   diversion  appears   quite  ideal.   Elevation  measurements   were 
taken  for    the    first   ^0   foot   horizontal   distance,    the   next 
100  feet,   and   finally   the    last  65   feet. 

Horz.    -distance  Head/meas.    dist.  Head  Penstock 


l-'irst    50  feet 

i>ei;ond   100   feet 
Third  65   feet 


ij..997   foot   head 

16,8514.   foot   head 

7*666    foot   head 


i|.997   ft  S  50  ft~ 
21,851  ft  ii^  150  ft 
29.517   ft  id  215   ft 


A    total   of  215   horizontal   feet   was    measured.    The    reason  for    the 
incremental   measurement  was    the    abrupt    change    in    tne    creek 
slope,   '^he    first   5o   feet   was    a    uniform      grwde,    the    next   100 
feet  WfaS   also    uniform  grade,    but   steeper,    the    last  65  feet 
was    uniform  and   different.    The   elevation  was   broken  into    three 
sections    to    define    specific   grade   and    to    cover    the   region   of 
potential  generator  location. 

Uniform  grade  as    follows:    vertical   drop/horizontal  dist. 

First   50   foot   horizontal   distance  0,09994   ft/ft 

2^    Second    100   foot   horizontal   distance      0. 168514.   ft/ft 


Third   65   foot    horixontal   distance 


0.11793   ft/ft 


215  ft 
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Method   of   elevation  measurements 

A   Keuffel  &   Esser,    K  &  E,    surveying    transit  was    used,    ■'•he 
instrument    was   set    on  a    rigid    tripod.   Each   leg   was    secured 
in   the    soil  and   all  clamps    tightened.    Bae    piumb    bob  was 
centered   over   the    point  where    the    last   rule    had   been  placed. 
The    instrument   was    leveled,    over    360   degrees,    by   bubble 
adjustment,   A  caiiorated  surveying    rule  was    used,    it   extends 
to   over    13    feet.    The   method   used   was    stakes    down    the   hill. 
Looking    through  the    transit   telescope    the   distance  was    measured 
on   the  rule  and    recorded.   Prom  this   measurement,    the    distace 
from   the    centerline    of    the    transit   eyepiece    to   the    prior   stake, 
located    under    the    transit,    by    the    puni)  bob,    is    subtracted.      The 
resultant  measurement    is    the    true   vertical   elevation   between 
the    two   points    of   measurement.    The    horizontal   distance  was 
measured    by   a    steel    tape, 

POWER  CALCULATIONS 

The    basic   formula    to    be    used    is: 

Power   in  kilowatts   =  Cubic   feet   per  second  x  head    in  feet 

11.8 

Four  cases  will  be  considered: 

Flow:   56,95  GFS 

Case  A:    first  50  ft,   head   is  it, 997   ft 
Case    B:    second    100  ft.    head   is    lb,bSll  ft 
Cast.  C.    first   150   ft.    head    is    21.0^1  ft 
Case   D,   ^Irst  215   ft,    head    is   29.gl7   ft 

^ase  A  56.95  x  li.«997   =        2L«12  KW     no   loss   power  first  50   ft 

llTi 

Case  B  56.95  x  l6.85Ii-  =     61^31;  ¥M     no   loss   power  2nd    100  ft 

Case  C  56.95   x  21.851  -      105»ii6    KW   no    loss    power   1st    150   ft 

11.8 

Case  D  56.95  x  29.517   =      1L|.2.U5  KW  no   loss    power   1st  215   ft 

il.B 

The  cuove  "no  loss"  power  must  De  reduced  by  the  following: 

1.  Flow  at  low  water,  if  any, 

2.  Head  loss  due  to  pipe  friction, 

3©  Turbine  or  water  wheel  efficiency, 
k»   Oenerator  efficiency. 
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There   are    two    options    to    be    considered    for   this    site: 

Option  A   Is   a    turbine   generator. 

Option  B    Is    a   waterwheel  generator. 
Turbine    venerator 

•L^lectrical   load    l6,31  ^   divided   by   0,8  for   turbine  efficiency 
equals   22,8875   KV^»    divided   by   0,85   for  generator  efi'lclency 
equuls   26,92  KW,   A   system  should   be   designed   with  a   no    loss 
of  27   KW    to   use   a    turbine/generator  combination.    The   pipe 
loss    can  be    ignored   at    this    short   distance   anu    large   pipe 
diameter. 

The    design  would    be   computed  as    follows: 

56.95  X  Head      =   27   KW 
iTTB 

27  X  11.8     =  Head  Head  =  5.59l<.38l  ft. 

Drep  first  ^0  ft:  i4..977  ft 

Slope  next   100  ft   is      0.l685lj.  ft  for   each  horizontal  foot   of  piiB 

5.59^-      Required   head 
•      -li.977     Head   from  first   50  ft, 

0,617   ft   required   from  2nd   100   ft 
divided  by  0,l685i^  -  3.66  ft. 

Penstock  pipe    requires    53«66   horizontal     feet,   with  a    head 
of  5»6   feet,    capable    of   carrying   56,95   cubic   feet   a   second. 

Pipe    diameter  computed  as    follows: 

Stream  width:    13.5  ft 
Stream  depth:0,7692  ft 

10.38'  square   feet    required      for   penstock   pipe 
Area    of  y     circle   ■   Pie  U 
10,38   sq.ft   r   3.1i|l59   r2 
R^  ■  10. 38 

R   =   1.8177   ft     X  2  =  3.635   ft   diameter  x  12  =  14-3.62  inch 

ij.3,62   inch  pipe   is   required   for   the   penstock;    use  1^8   inch. 

The  head   of   5.6   feet,    with  a    liminar  flow  will   produce 
approximately   13  PSI,    so   high  pressure   pipe    is   not  a    requ- 
irement. 
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The    turbine/generator  system  can  now  be   priced. 

SS  feet   of  h,Q   inch  spiral  galvanized  pipe  @  '^2^   ft        ^^1,375.00 

Turbine/generator, 20  KW   capacity    (estimate   only)  15,000,00 

Controller  3,000.00 

Valves  150.00 

Concrete  &  misc.  30C»CC 

i^lectrical  ^00,00 

Material  cost  Total                          $20,525.^0 

It    is   assumed  Mr,   Mumion  will   provide  his    own  labor. 
A  yet    to  be   determined   amount   of  onslte   engineering  will 
be   required.    It    is    estimated   that    2-$3»000   will   be   needed 
Engineering    salaries  i!?3»000,00 

Total    estimated    cost  $23«525*Q0 

VJa  terwhee  l/gene  ra  tor 

Mro  Murnlon  has   a   water  wheel   in  his   posession   that   he 
wishes    to   use.    There    is   no  way   to  examine  a   water  wheel  and 
specify  how   much  power   it  will  produce.    The  wheel  must  be 
physically    installed  and   the  shaft  brake  horse  pov/er  measured. 
At   this   point   the    horse   power   can  be   translated    into   electrical 
power  with   reasonable   assurance,   Mr.   Murnion  desires    to   control 
tte    electrical  power  output   by   means    of  a    yet    to  be    designed 
water  floX'f  regulator.  What   ever   power  being   produced   will   be 
consumed  by   the    two   main  loads,    a    7«l4-55  KW  ball  mill  and   a 
7.i|.55  KV'   air  compressor,   Kach  piece    of   equipment   consumes  i+O^o 
of    the    design   load.   Assume    that    one   piece   of   equipment   is 
operating.    The    overshot   water   wheel  has    been      provided   with 
sufficient  water   falling  over   tie    buckets    to   stabilize  at   the 
load   generating    requirements.    Now   assume   another   piece   of 
equipmsnt   is    thrown  on   the  line,    increasing   the   load  by  an 
additional  i|0  %'.   The   controller   instructs    the  flow  regulator 
to    increase    the   flow.    The  weight   of   the    wheel,    empty,    is 
estimated   to  be  2,500  pounds.   The   physics    of  mass    inertia 
dictate   an  indeterminate   amount   of   time   will  be  required 
before  a    steady   state   at   a    higher  pov^er   level  can  be   obtained. 
This    power   level  will  have   two   essential  parameters.    The 
first  will   be    time.    The   second  will  be   shaft    RPM. 

Consider    the    effect  of  time.   A   10  horse  power   motor,    in  this 
application,    is  a  high  touque  starting   design.   The   starting 
voltage,   and   phasing    is    critical.   At    the  time    of  initial   load 
the   generator  will  be   unable    to   supply   the    volta!;^e  within   the 
operating    limits    of    the    motor.    The    current   is    dissapated   as 
heat   and   not  work.    The  result   is  a    burned   out  motor  and   a 
probable   fire   in  the   unit    that    is    trying   to  get   up   to  speed 
with   the   starting   winding.    In  the   unit   that   is   already   on  its 
run  winding,    its    operating    limits   will  be   exceeded,    and   it 
will  cycle   between  run  &   start  windings    until  it    too   converts 
current   flovj  from  work  Into   heat.    The    result   is   two   burned 
out  motors   and    tMo   probable   fires, 
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Conalder   the    effect   of   rtPM.    Power  in  a   water  wheel,    is 
controlled   by    the    amount    of  water   provided    to    the    wheel. 
Increase   the    volutne  and    the  speed   of  the  wheel   increaseso 
If  the   wheel     must    increase   its   poX'^er  by  i+Oy^,    neglecting 
losses   for    the    moment,    its   speed  will  vary   dramatically, 
Aa    the  water  wheel   turns    relatively  slow,    compared    to    the 
HPM   of  a   generator,    any   minor  change    in  the   wheel  RPM  will 
translate    to  a   major  change    in  the    RPM  of  the    generator. 
For  a    water   wheel   to   function  satisfactorily,    it   must   be 
in  a    steady   state    constantly,   A   flow  regulator   is    usefull 
only    to   make  minor  adjustments    to   shaft  brake   horse   pov/er 
within  small  RPM   limits.   To   incorporate   an  already  built 
overshot  water   wiieel,    it  would  have    to  be    installed.  The 
^■■"  '   "    ■    wheel   should   be    operating     with  full  water  force.   The   RP>1 
should    then  be   monitored  as    a    function  of  varying   brake 
loading  and   shaft   horse   power.  The    effect    of   tne  flow  regulator 
should    then  be  measured.   Curves,    showing   RPM  as    a    function 
of  brake   horse   power  and    time   to   make    the    transition  between 
the    curve,   as   a   contineous   monjotonic    function,   are   required 
to   design  the   generator  ancJ   the   gear   ratio  between   the 
.,;.  water  wheel  shaft   and    tlie   generator.   At   this   point,    a    design 
load   could   be   determined. 

In  defense    of  historic    water  wheel   electrical  power  applications, 
the   designs   have   been  empirical,    cut   and    try.   The    power  factors 
of   the   electrical  motors   were   traditionally  around   0,5»   half 
.    heat    and  half  work,      inuring   initial  design  many  burned    out 
until   the  right   combination   of   load   and   RPM  was    found,   nil 
recorded   successful  applications    are    of   the    steady   state. 

In  an  endeavor   to    analyze  Mr.   Mumions   ^^fater  wheel  for 
application   its   physical  parameters   were   recorded   and   translated 
into  the   beat   engineering  approximations. 

The   bucket    dimensions   are:    11"  x  26"   outside,    l8    "    deep, 
7   "  X  26    "    inside. 

The    volume    of  a   bucket  is    ttien  It-, 212  cubic   inches 
or  2,14-375   cubic   feet.  At   62,38  pounds   of  water/cu,    ft,   a    full 
bucket  would    contain   152.05   pounds    of  water.    This   ec^uates    to 
l8,l66  gallons    of  water. 

Refer   to    the  engineering    sketch.    The    top  bucket,    #  1,    will 
be   assumed   full,   and   contain  l52,05  pounds    of  water.    It  has 
a    lever  arm  of  0,625  feet.    This   means    that    l52,05   pounds    of 
force  are   exerted   on  a    lever  arm  of  0,625  feet.   Using   the 
laws    of  physics    this    is    easily   translated    into   horse  power. 
The    difficullty    in  this   approach   is   how    to   estimate   friction 
losses,   which  are   completely   unknow.  Also   unlaiow   is    tae  effect 
of   the    force   of   the    water   coming   from   the   pipe.    It   could  have 
an  appreciable   effect   if  the    force    of    the   water   hitting  the 
bucket  were    to  add   work.   The  maximum  pressure  will  be   less 
than  15  PSI,    so   it   is    doubtfull   that   any   force,    other   than 
the  water  weight    can  be   considered.   At   best,    any   force   could 
offset  frictional   losses, 
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Based   on   the      measured  geometric  parameters    of   tlae   water 
VTheel  Murnion  owiis,    the  foot  pounds  will  be  estimated. 
■The    calculations   are  based   on  the   assumption   tnat  bucket 
number   one  will   be   full  in  the   position  sho^>ni^  and   that 
bucket   number   10  will  be    empty   in   the   position  shown,    'i'he 
force   center   line   of    the   water   in     the    first   9  buckets    is 
determined.    It    is    assumed  all  weight    is   exerted   at   this 
point.  The   lever  arm   to    the    center   line   of   ttie   axle   is    then 
calculated.    The    foot   pounds    of   force   of  each   bucket  is    then 
calculated,    ■t'lnally,    the    total   foot   pounds      theoretically 
possible    is    determined. 


The    calci 

alations    ure   summarized    as 

fo: 

lluws. 

Bucket 
Number 

Water 
Weight 

Lever 
Arm 

Foot 
Pounds 

1. 

152,05   lbs 

0.625 

rt 

95.03 

2. 

135.111. 

l.i; 

189.196 

3. 

Il8.?>)| 

2.05 

21+2.92 

k. 

101.35 

2.6 

263.51 

5. 

81^.1+63 

3.15 

266.058 

6. 

67.57 

3.5 

236.1+95 

7. 

50.68 

3.1+ 

172,312 

8. 

33.788 

3.25 

109.811 

9, 

16.892 

2.9 

i|8o986 

Total 

foot  pounds 

1,621+. 318 

The  power    of  a   force    is    the   rate 

The   force   has  been  approximated, 

measured.   One  horse  power  equals 

equals    0,7I).57  kilowatt.   The  work 

must,    by   definition,    be   the   force  applied,    less    the 

overcome  friction,    or  air,    or  any   other  resistance, 

limits   are   the   potential   energy   of    the'    56.95  OPS   of 

a  head   of  approximately   3^^   feet,    the    indeterminable 

energy   of   56,95  CFS    of  water  at   approximately   13  PSI,    if   it 

is    capable    of    imparting   angular  velocity   to   the   wheel,    the 

rate    of  bucket   fill  and    empty,   friction,   air   resistance   and 

unknown   resistance. 


of   its   doing  work. 

ITae   rate   can  only   be 

550  ft-lb  per  sec 

performed   by   the   water  wheel 

force    to 
-I-' he 

water  at 
kinetic 
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These   unknovm  parameters    can  only   be  approximated,    not 
determined,    -^he    approach  will    then   be   to    determine    tne 
speed,    RPM,     that    the   vjheel   must    turn   inorder    to    produce 
tte     required    power,    and    then    test      tne     forces    involved 
to    see    it    is    possible   and   reasonable,    -^his    is    determined 
as    follows. 

Assume    the   same    conditions    us    the    turbine/generator   case. 

No    loss    design  starting    load   is    therefore   27  KW, 
-^    27    (KW)    divided   by  0.7it57   ift-lb/sec)    =   36.20759    -:•■ 
L/.,  36,20759   times   550   (ft-lb/sec.)    =   19,91i+.17it-   ft-lb/aec   re  q. 

19,9l4.17ij.    (ft-lb/s   req.)    -~-   1,6214.. 318    ift-lb  weight)   =   12.26 

19,91i+.17U   foot  pounds    of  force   are   required   each  second.   When 
the  water  wheel    is    in  a    steady  state    it   produces    l,62i;.3l6 
foot  pounds    of   force.    Force    times   rate   equals   work,    therefore: 
The   water  wheel  must    turn   12.26    times    each   second    to   produce 
the    work   required.   Multiply   times   60  and   the   water  wheel  must 
turn  at  735>6   "RPM .An  engineering   opinion,    which  would   require      -  ■ 
testing   to   validate,    is    that   the    el'fect   of    journal  friction,'  - 

air   resistance,   and    the  ratio   of  wheel  mass    to  force,  would        'ly_" 
■.;■      preclude    this   velocity.   In  any  event    the   requirement   for  ,7 

this   specific  wheel   is    to   rotate   at  735*6   RPM  to  produce   tne   "     -^t 
required   load. 

Next,    let   us   examine    the  factors    tnat  control  RPM. 

Available   water;    30  buckets   are    estimated  around    the  wheel 
perimeter  (Note:    the    exact  number    is    uniniportant.   Vihat    is 
important    is    the   water    volume,    which  will  be  a    constant). 
Kach  bucket   holds   2,14-375   cubic   feet.    If   the   wheel   is    to 
rotate   at   the  required   12,26    times   a   second,    30    (buckets) 
times    12,26    (revolutions    required  each   second)      requires 
376.6  buckets    must   be   filled   each  second.   The   water  flow 
available    is   56,95   cubic  feet    each  second,   i^ivide  56,95   cubic 
feet   of  available  water  each  second   by    the   bucket   capacity   of 
2,14.375  and    only  23o36l4.  buckets    can  be   filled  each  second. 
If   376,8  are    required  and   only   23«36i4.   can  be   filled,    then 
23,3614.   divided  by   367.6   equals    0,635, or  6.35%   of   the   power 
required    is   available    to   be   converted    into  work.As    the  basic 
limitation  is    the   lack  of   available   water,    there   is   no   point 
in  tjrying   to  quantify   journal  friction,   air  resistance  &  mass 
to   force   ratio-  at   a   required    operating   RPM, 

The    probable   povrer  available    is    then  calculated   by   multiplying 
the   design  27   KW   times    the   effect   of  water    volume    limits. 
27   X   0.06 36    =    l«71i4-5   KVJ    at   no    loss.    When    los.es   are  applied 
ttB     useable   electrical  power  becomes    1,14.6   KW,The   weight   of 
the   water  contributing   work   at   any    one    time    is   760,173   pounds. 
The   wight    of    ttie    wheel   is    estimated    at   2,500   pounds.    I'he 
ratio   of  work  force    to  mass      is    0,3014.    to    1,    a    very   unfavorable 
ratio. 
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V/ATER  WHEEL  SUMMARY 

A  vjoter  wheel  must   run  at  a    steady   state,    constant   speed 
and    load    to    be    efiectivo,   -^n  analsis    of   the  power    this 
wheel   is    cabable    oT    producing  with    the  available   water, 
indicai.es    l.]4.6   KWs    of    power   will   be    the    maximum.    J-'he   load 
requirtid    is    l8«31  KW,    In   his    proposal   and   subsequent    discu- 
ssions,   Mr,    Murnion  assumed    initial   power   calculation   basea 
on  an  8   foot  head,    and   some   kenitic  work  being  generated 
by    the   water   in  motion  into   angular  velocity  of   torque.  While 
this    is    the   traditional   method    used    to    determine   power   from 
a   turbine,    it    does   not  apply   to  an   overshot  watter  wheel. 
Force,    translated    into   work  over   time   is    determined  by   potential 
energy,   by   virtue   of   the    water  wheel  configuration.  The   buckets 
are    "filled"  with  water.    It   is    tae   weight    of   the  water   that 
provides    the  force   that    turns    the  water  wheel,   Newton's   second 
law   of  motion  is    inviolate,   and   must   be   applied   as    the   criteria 
of  force    in  dete retaining   the   power   froia  a   water  wheel,    "Change 
of    the   motion   of  a   body    is    proportional   to   the   force  and    to 
the    time    during  which  tbie    force   acts,    and   in   the   same   direction 
as    the    force,"   -^'he    lorce    is    the   weight   of    the   water, 

Mr,   Murnion  states   his   power   requirements    can  be   adjusted 

to   whau   -one    vrtieel  vd  11   turn  out.    If   the   wtieel  will    "turn  out" 

only    l,Ij-6   KWs   and   a    single    ball  mill  renuires   7.14-55   KWs,    the 

water  wheel   does    not   have    trie    capability    to   supply    trie  most 

fundamental  need   of   the   project.    It    is    therefore   not   feasible. 

This   will  be   very  sad   news   for  Hr.   humion,    as   he   has   an 

understandably   strong   feeling   about    usin^   his   wate-  vjheel. 

He   said    this   wheel  ran  a    saw  mill  (^   it    took  a   22^  H.P,    deisel 

engine   to   do   the    same    joo,.   He   feels    this   wheel  will  run 

a   S*-*  Kw   generator,    I    only  wish   ttie    numbers    could  have   verified 

his   faith, 

SU^i^iAHY  &    ilECOWIbHDATIQNS 

The    water  wheel   is    not   capable    of  producing  the    18,31  KWs    of 
power   reauired.    It   will  produce   l,[(-6   r^s,    and   is    therefore 
not  feaaible   for   the   project.    The    project    is   very  feasible 
if   a    turbine/generator  approach   is    taken.    The    estimated   cost 
is   $23,525,00,    The    public   will    be   able   to   view   the    site   for 
demonstration   purposes    during   the    iiumiaer,    ^iiert.    is    no   ecological 
reason  not    to    recommend    the    project.    The   project  will   create 
employment   for    2    to   3   people    for   an   iiKieflnite    time„    If    the 
budget    is    within   limits,    tlie    project    is    therefore    recumiuenaeu 
for  a    turbine/generator  combination. 
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James  V.    Murulon 

Engine   eririg     sketch 
of   water  wt.tel      based 
on   ptiyslcel  measureirienta 


'/ 


Lffcj^  /4-v*^    "^   r'' 


ENGIIIEL'UHG   REP0I13: 

To 

Renewable  Energy  Bureau 

Enercy   Division 

Department   of   Natural  Rosources 

and   Conservation 

32  South  Ewing 

Helena,    Montana   59620 


Prepared  by: 

Richard   G.  Wrench 
295  Highland   Drive 
Kalispell,    Montana    59901 
Phone:    257-8575 

Contract  No.    650-810 
Effective   Date:    5/6/81 

Contract   Amount:    ^j^S, 500,00 

Nature  of  Contract 

Performance  of  feasibility  studies 
and  system  design  analysis  at  four 
potential  microhydro   sites 


Submitted 


Report   on: 

Merle   B«    Jo  re 
Route  #  2,   Box  58a 
Ronan,    Montana   5986l(. 
V/ork  phone:   675-2610 
Home    phone:    6i]li.-25ii-2 

"Feasibility   Grant    Request    for   a 
Hydroelectric   System   for    Home  Use. 
Excess,    if   any,    to   be    i''ed   Back   to 
Povjer   Grid." 


Recommendation: This    site    is   feasible   for   development.    It   is 

in  excess    of  200  KWs,    larger   than  the    scope   of 
microhydro  power   demonstration.    The    site   should 
be   developed  with  private   funds    for   profit. 


!_>•        %J  \J  X    C 


QE Nigral  coi'iih^NTs 

The    site   investigated   is    located   approximately   8  tnilea 
southeast   of   Ronan,    hontana,    on   the  western   slope    of    the 
Mission    Range   Moiontains.    The    site    is    located  within   the 
Flathead    Indian   Reservation,    and    is    orgionally   a    homestead. 
A.cces3    to    the   property   is    by  gravel   road*    The    road    is    adequate 
except   for   winter   snow,    when    the    public   v;ould    be    denied 
practical  access    for  purposes    of  viewint^   the   site,   Mr,    Jore 
has    ovjned  and    lived   on    the  property   for  20  years.    There    is 
primary    power    to   the    site.   The   power   serves    the   Jo  re's    home, 
continue ing    past    the    home    to  a    smallerbuildirig   used  as   a 
"warming   hut"    for  Mr,    Jore's    ski   run.   Initially,   Mr.    Jore 
requested   a    feasibility  study   to    determine    ttiu    potential 
capability    of    the    site.    He    owns    a    large    dozer   and    is    posessed 
with   the   skills   and    judgement   for    its    use.    He   is    a   man  of  much 
experience   and    shouli    be    capable    of    implementing  much   of   the 
design,    shoulii    the    site    be    developed.    He   ivould    like    to   consider 
using    the    electrical  power   generated    to    heat   a    portion   of  his 
1,5^0   square   foot  home,    provide    his    domestic    electrical  needs, 
and    sell    the    excess    to    the    utility    company. 

Electrical    load   analysis 

Domestic   needs  30  Kl\i   peak 

I4.O  IWH   each  21}.   hours 
1,200  KWH  each  month 
.li4.,ij.00  KWH  each  year 
Heating   '•''  20  Kl'J   peak 

120  KVJH  each  2l\.   hours    in  January 
3,600  Kl-JH   January  heating 
21,5^7  KV'JH  Annual  heating    requirement 

-;;-  Heating    is   an   engineering   estimate   based,  on  Mr.   Jore's 
1,500   square    foot   home,    32    inch  wall,    &  63   inch  ceiling 
insula  tion. 

Load   sumiiBry: 

30   YM    peak   power    required   without    elect,    heat 
50   KW   peak  pov/er   recjuired    ivith   elect,    heat, 

1,200   KWH  required  each  month  without  heat 

1L|.,[|00    KVIH    required  each  year  without    heat 

35*957    Kl'iH    required  each   year  with   heat 

4»800   KVJH  required  January  with  heat, 

li,2l4.6   KWH   required  P'ebruary  with  heat 

3,763   ia\/H   required  March  with   heat 

2,891+  KWH  required  April  with  heat 

2,299   KWH    required  May   with  heat 

1,782   K'JH    required  June   with  heat 

1,377   KViH   required  July  with  heat 

1,U72   KVJH   required  August  with  heat 

2,095   i*^'H   required  September  with  heat 

2,903   IWH   required  October  with   heat 

3*798   KWH   required  November  with  heat 

[).,520   KV/H   required  Deceiriber   with   heat 
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Me-^^3   B,    Jore 


Specific    data    gathered 

Two  waterways   were    measured.    One    was    a    stream.   The    other 
was    a    spring. 

STREAM  MEASUI^MENTS 

Case  A 

V/ldth:    8   ft-11   in 

Depth  measurements    (all   in   inches) 

6,i3l,ni,io,i2,]4  3A,i8  3A,it^, 15, 15, 111, 15, 11, 11, 11,11 

Average   depth  was   12.71875   inches,    1.05989  ft 

Float   distance   measured   was    27   feet 

Float   time    for    each   time  a     float   was    measured 

3,3,3i,3i,3,3,3,3i-,3,3i,3  Avorapje  3.Q9Q99  seconds 

Case   B 

Width: 8  ft-11   in 

Depth  measurements    (all   in   inches) 

7,10,ll,19,l5,l6,l5,ll,l6,l5i,l5i,l5l,l5l,12i,12| 

Average   depth  was   13»8    inches,    lel5   feet 

Float   distance   measured   was    27    feet 

Float   time   for   each   time    a    float  was   measured 

3,3,3i,3i,3,3,3p3i,3,3¥»3  Avera.r^e  3.09099  seconds 

Case  C 

Width;8   ft-11  in 

Depth  measurements    (all    in  inches) 

7,8i,10,li|,l5pl6,l6i,l6i,l6,U4.i 

A-verage    depth  was    13ol4-    inches,    1.1166666    feet 

Float    distance   measured   was    27   feet 

Float   time    for   each    time    a    float   vra  s    measured 

3,3,3t,34,3>3,3,34,3,34",3  Average   3*09099  seconds 

Method   used 

Depth  measurements    were    taken  at   equal   divisions    across    the 
point   where    the    width  was    measured.    The    width  was    measured 
by   a    steel   tape,   A   distance    of   27   feet   was    measured    on    the 
stream  bank.   A   line   was    marked   perpendicular    to    the    flow, 
at   each   end    of    the    27   foot   distance.   A  wooden   float,    with 
2/3rds    of   its   height   submerged   was    placed    up    stream.    Time 
was    started   when   it  pasted   the  first    line   and   stoped  when 
it  passed    the  second.   Any  float   that    swirled   was    discarded. 
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1 1  ^  A  J.  w 


The   following    formula    Wns    used    to    calculate    flow. 

The   width   of    the    stream,    in  feet,    times    the    depth   of  the    stream, 

in  feet,    times    the   distance    the  float   travels    in  one  minute, 

times    the   constant    0,8,    equals    cubic    feet   per  minute  of  flow. 

Width   of  stream:    8,91666    feet 
Flow  .distance:    2?  feet 
Average   flow   time:    3*09099   seconds 
Ayer.age   stream  depth:    1,108851].  feet 

Calculate  CFM   as    follows 

8o9l666   X  1.108851^  x  0o8  x   (   60  -*-  3c09099  x  2?    )    =  CFM         * 

.'    '    CFM  =  i;,l[j.5.6877  -7-6O  =  69.09l;79g  CFS  ^'low  6/18/81 

This   flow  Was    recorded   June    I8,    I98I,   There    is   no   recorded 
flow  data    on  which   to    base    low  waterc   Mr  Jore    indicated 
the   flow  would    be    reduced  by  half   during    lo^^J  water. 

Reducing    the   above    flow   per  Jore,  3[j.o5l4-7393   CFS   @   lovj  water 

SPRING   MEASUREMi::NTS 

Case  k 

Width:   k   ft-0  in 

Depth  measurements  (all  in  inches) 

1  3A,2,2i,3i,l|?,ij.i,5  3A,6|,5,6i,6i,6,5,5,i|,3,2,l 

Average    depth  was   I|.oll5   inches,    0,314.29166    ft 

Float   distance  measured  was    16   feet 
L .-'-.    Float   time  for   each   time  a    float  was    measured 
•«VT    .5,7,5,5,5,5,5  Average   5.2857   seconds 

■ :;.    .  Case  B 

'^■rr^r^oML.dJLh^^M'   f t"0   in 

.-Depth  measurements    (all    in   inches) 

Average    depth  was   if., 125   inches,    Q,3l|-375   feet 
Float    distance    measured   was    16    fee  t 
•    -   ^,l,Sf^,^>^,^  Average   3.2057   seconds 

Me  tho  d   us  e  d 

Same   as    stream  above. 


rk' 


Merle      .    Jore 


Using    the    same    formula    as    the    stream  above,;  the    flovr    is 
calculated   as    follows. 

Width    of    the    spring:    l+.O   feet 
Depth   of   the    spring:    0,3i;333feet 
Average   flow   time:    5o2857   seconds 
Flow   distance:    16   feet 

Calculate   CM  as    follows 

i|eO  X  Oo3l^333  X  Oo8  X   (  60  -i-  5.2857  x  16    )   =  CFM  , 

CFM  =   199.51;  -Z_  60  -   3.3256?  CFS  Fjow  6/18/8I 

Mr   Jore   states    the    spring   flow   is    constant  year  around 

ELEVATION  MEASURL:>ENTS 

A   potential   site   for   water   diversion  ;-/as    selected.    Precise 
elevation  and    distance    measurements    were    taken   from  the   point 
of   diversion    to   a    point   where   a    powerhouse  would    be   feasible. 
The    powerhouse   was    selected    far    enough  away    from    the    lower 
property   line    to   allow  room   to   rip-rap    the   area   below  and 
still   remain    on  Mr,    Jore's    property.    The   head    of    the   stream 
measured  [|.l8cll;9  feetc  This    is   from   the  water   level  at   point 
of   diversion   to   an   approximate      level   of   turbine   inlet.      The 
head    of    the    spring    measured  [4.02, i;65   feet,    with  same    qualification; 
as    stream.    The    penstock   distance    for    the    stream   is    approximately 
2,Li.00    feet,   A   detailed   engineering^;    trade-off    is    required    to 
to    establish    the     potential    tie-in   point    of    the    spring   v/ater 
pipe    to   that   of   thfc    stream  water  pipe,    should    they  be   connected 
into  a    single   penstock.    The    length  of    the    penstock   for  a 
separate   spring   system  would    be  approximately    I8OO   to   2,000 
feet. 

Method    of    elevation  measurements 


A   Keuffel  &  Esser,    K  &  E,    surveying    transit   was    used.    The 
instrument   via s  set   on  a    rigid    tripod.    Each   leg   was    secured 
in    the   soil  and  all    clamps    tightened.    The    plumb   bob   was 
centered    over    the    point   where    the    last   rule    had   been  placed. 
The    instrument  was    leveled,    over    36O   degrees,    by   bubble 
adjustment,   A   calibrpted    surveying   rule   was    used.    It    extends 
to    over    13   feet.    The    method    used   was    stakes    down    the    hill. 
The    distance   measured    on    the    rule   was    recorded.    From  this 
measurement,    the    distance    from   the    centerline    of    the    transit 
eyepiece    to    stake    under    it,    was    subtracted,    to    determine    true 
vertical   distance.    A  steel,    100    foot    tape,    was    used    to   measure 
the    distance   between   stakes.    A   total  of  3,693   feet  were 
surveyed.    Both   the    stream  and    tte     spring   were    surveyed. 
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PO^^-ER   CALCULATIONS 

Basic    formula    to  be    used: 

Power   in  kilowatts    =   Cubic    ft.    ner   sec.    x  head    in  feet 

TTTB 

STREAM  CALCLT^ATIONS 


HO   LOSS    calculations   at    time    of   measurement 

69.095  X  [;l8,m9     r  2A48.5  KW  no   loss   high  water         , 
11.8 

Reducing   flow   by  50^   per  Hr.    Jore:    l,22k.c2$  ffi-/  no    loss,    low   flow 

SPRING  CALCULATIONS 

NO  LOSb   CALCULu^TIONS   at    time    of  measurement 

3.32567  X  U02.U6g      -   113. i|   KV/   no    loss    constantly 
11.6 

The   above    "no    loss"   power  must   be   reduced   by   the    following: 

lo    Flow  at    low  water 

2,    Head    loss    due    to   penstock   pipe    friction 

3c   Turbine    efficiency 

I4..   Generator  efficiency 

5»   Transformer    losses 

6,    Transmission   line    losses. 


% 


SUMMARY 


Electricity  is  presently  on  site.  The  potential  of  this  site 
is  far  in  excess  of  of  fee    maximum  generating  capability 
the  Renewable  Energy  Bureau  has  in  mind  for  demonstration 
of  small  hydroelectric  projects.  There  is  no  question  but 
it  is  feasible  to  develop  this  site.  This  project  appears 
better  suited  for  private  enterprise  than  DNRC  funding.  If 
I  were  Mr,  Jore  I  would  contact  private  engineers  to  measure 
the  flow  of  water  during  the  year  to  document  potential  powerc 
The  low  water  flow  of  ^Ofo    of  the  June  measurement  is  suspecto 
The  area  Is  traditionally  significantly  lower.  Even  at  the 
probable  low  water  flow,  the  potential  is  probably  in  excess 
of  200  KWs  delivered  on  line,  with  proper  design. 


-6- 


Merle  B.  J   a  Property 
Hi   SWi  S27  T20  R19 


V/ater  ^ 

Diversion  ^  ^\  I  Spring 

Mource 


Road 


y 


Ski   Slope 


Road 


'yVj     Warming 


Jore's 

Home    ^       y/ 


ower   fiouse 
Site 


-7- 


ENGINEERING   IMPORT 


'i'o 


Renewable  Energy   Bureau 

Energy  l^ivislon 

Department   of  Natural   Resources 

and  Conservation 

32  South  Ewing 

Helena,   Montana   59620 


Prepared  by: 

Richard  G,  Wrench 
295  Highland  Drive 
Kalispell,    Montana   59901 
Phone:    257-8575 

Contract  No.   65O-8IO 
Effective   Date:    5/6/81 
Contract  Amount:    $8,500,00 

Nature    of   Contract 

Performance  of  feasibility  studies 
and  system  design  analysis  at  four 
potential  microhydro   sites 


Submitted 


Report   on: 

Orlena    Barnard 
1395   Swan   Highway 
Bigfork.   Montana   59911 
Phone:    837-1^^23 

"Hydro  Power  Demonstration  Project 
For  Private   ResidentiaJLUae." 


Recommendation:   Based    on   data    provided   by  grantee,    the 

project    is    not   feasible.   Repeated   attempts 
to    contact    the    grantee   have   proved    unsuccessful. 
Sufficient   electrical  power   exists    in  the    area. 
Unless   grantee    can  be    conuacted   and   a    feasibilty 
study    completed,    funding   should   be    denied. 


Orle        Barnard 


General  Commenta 

The  site   proposed    la   approxirna  tely   8  miles   east   of   Poison, 
Montana,    '^'he   site    Is   borcbring State   i^oute   #  35,    and    is 
located  within  the  Flathead   Indian  Reservation.    No   actual 
engineering  measurements   have  been  conducted   at   the   site. 
Orelena  Barnard   has   been  sent   many    letters    requesting   she 
get   in  touch  with  me    or   the   Renewable  Knergy   Bureau,   -^here 
has  been  no  response   of   any   kind   to  any   correspondence.    I 
telephoned   her   continually,    a t   a  11    times    of   the    day   and 
evening.    I    contacted    the   telephone   company   to    see    if    the  ( 

phone   was    in  working    order  &  was    informed   it   was.    I   contacted 
the    sheriff  and    the  police    to    see    if   they  had  any    information. 
They   did  not,    I   called   every  Barnard    in  the    telephone   book 
it  inquire    if   they  knew  of  her,    ■'•'hey  had   no    information.   On 
the  premise   that    she   was    away  &  someone    was    collecting    her 
mail   I   wrote   a    message    on  the    outside    of    the    envelope    "    to 
whomever  is    collecting   Orlena   Barnard's   mail:    have   her  get 
in   touch  with  me    or    the    Renewable   iinergy  Bureau  imtaediately 
as   she  was    in   danger  of   loosing   her  grant,"    I  made   repeated 
trips   to  her  residence    to   try  and  make   personal   contact   with 
her,   I    left   messages    in  the   door,   A   check   of    the  mail  box  & 
newspaper  box  showed  no  mail  and  no   paper.   Vehicles  were   parked 
in   the   driveway.    There  was   no  response    to    the   door.    The     grounds 
appeared    to  be   well   maintained  and  not  deserted^    -Pinally,! 
went    to    the   area    of   the   site,    From   the   information  in   her 
proposal   the   general  location  of   the  proposed   site    can  be 
ascertained.    The    project   is    located    in  Township  23  North, 
Range   19  West.    It   would   appear   the    project   was    traced    from 
a   government    topographical   map.   Matching   the    map    In  her 
proposal  with  a    comparable   government  map,    the    area,    but 
not    the    exact   site  was    located.   It    is    just   off  a    paved     State 
highway.   Electrical  power   is    currently  accessible   in  the 
area.    Preliminary   conclusion  Is    that    power  could   be  provided 
by  the    utility   in   the    area    for    a    fraction  of   the   cost   requested 
in  her  proposal.    This   is    just  an  opinion,    as    the   exact   site 
would   have    to   be    Invest igated a  nd   priced   by    the   utility   company. 
On  June   19,    198l   I   received  a    letter   from  Mrs.   Sandra 
Chapman,    presumed  a   neighbor,    1377  Swan  Highway,    Blgfork, 
Montsna,    stating   she   had  gotten  in  touch  with  Orlena   barnacdi, 
She   said   she   was    in  Alaska   and  would    be   home    in  about    two  weeks. 

E]fl  ctrlcal  load   analysis 

Orelena  Barnard  states  a  1,3^0  square  foot  residence  will  be 
constructed  on  the  s  ite  in  the  near  future,  •'Electricity  will 
be  the  primary  source  of  power.  The  power  generated  from  the 
system  is  to  be  the  source  of  electrical  power.  She  desires 
to  heat  the  home  with  electricity  in  the  winter  and  to  power 
an  irrigation  pump    in   the    summer. 


Orlene      grnard 


Assuming   the    electrical  demands    are    typical   of    those    in 
the  average    residential  home,   and   similar   to    the    service 
observed    in  Barnard's    current   residence    the   following 
should    be   representatitive   of   the    anticipated   power   load© 

Domestic   needs  30  KW   peak 

f   kO  KVJHeach   21].  hours 

1,200  KVm  each  month 

lL|.,i|00  KWH  each  year 

i^lectrical  heating  •«•  20  KW   peak 

120  KWH  each  2I4.  hours    in  January 

3»600  KWH   January   heating 

21,557   KSrm  Annual   heating    load  , 

« 

Combining   domestic  and   heating   needs,    the    following   load 
summary    is    estimated   for  Orlena  Barnard 

30  KW  peak  power   required,  without   electric   heat 
50  KW  peak  power  required,   with  electric   heat, 
1,200  KWH   required   each  month,   without    electric   heat 
li^jl+OO  KWH   required   each  year,    without   electric   heat 

35»957  KWH  Required   each  year,   with  electric   heat 
I<.,800  KWH   required    in  January,   with   electric  heat 
ij.,2J+6   KWH    required    in   ^''ebruary,   with   electric   heat 
3,763  KV/H   required    in  March,   with  electric  heat 
2,891+  KWH    required    in  April,    with  electric   heat 
2,299  KVJH   I'equired    in  Hay,    with  electric   heat 
1,782   KWH   required    in  June, with  electric   heat 
1,377  KWH   required    in  July,    with  electric    heat 
l,i|72   KWH    required    in  August,, with  electric   heat 
2f095  KWH   required    in  September,  with  electric  heat 
2,903  KWH   r»equired    in  October,    with  electric   heat 
3,798   KWH    required  in  November,   with  electric   heat 
l4.,520  KV/H  required   in  December,  with  electric   heat, 

^;-  The    BTUs    required   are    those   of  a    typical  new   construction 
home    using   3z   Inches    of   fiboiTglass    insulation   in   the  walls, 
and  6   Inches    in    the    ceiling,   for    the    type   home    typical   in 
the  area, 

SPECIFIC    DATA  AVAILABLE 

Orlena  Barnard   indicated    the   sbaff  from   the    DNRC '  s    Technical 
Assistance   Program,    TAP,    measured    the  available   head   and   flow 
of    the   springs   as    follows. 

Upper  springs:    I8  CFM  O  220  ft.    head 

Lower   springs:      7CPM     @  I80  ft,   head 

Apparent    penstock   distance:    1,200    feet 

No   loss   power   calculation  as    follows: 
Assume   25   CFM  @  I8O   feet   head 


Or!      a  Barnard 


2^    (cm)    -4~  60    (sec)    X  16Q    (ft.    head)      -  Power  in  KW  @     no   loss 

KW  B  6.3559 

Assuming   a   6   inch  PVC  would   suffice   based    on  proposal   data 
from  Bill  Kitching,    of  Small  Hydroelectric  Systems,    possible 
supplier,   k   feet  per   1,000  foot   of  head   loss  would   result. 

Head    loss    of  I4..8   feet   would    be   expected. 

The  no  loss    theoritical  power   must   be    reduced  by   the   followijng: 

1.  Flow   at   low  water 

2.  Head    loss   due    to   penstock  friction 

3.  Turbine    efficiency 
tj..    Generator  efficiency 

5«   Transformer  losses,    if  any 
6.  Transmission  line    losses 

Losses   are   computed  as    follows: 

Flow   at   low  water;    There    is   no   information  available,    ilie    proposal 
indicates    the  springs    flow  all   year,    but  no  flow  variations » 
Assume    a   ^0%   reduction  at    low  water,   as    the   springs    in  that 
area  generally  produce  without  major  variations. 

Head   loss   due    to   penstock  friction;        i+.S  feet,    per  above. 

25   -4-  60  X   (180  »  lj..8)    -  Power  in  KW  -  6.I86   KW 
TlTB 

equals        6,l86   KW   effect   of   penstock  friction 
xO. 7   effect   of   low  water  flow 

lj.«33      KW" 
xO,8   effect   of   turbine   efficiency 

3.I4-6I1  KW 
xOyS^   effect    of  generator   efficiency 

2.n9hkh  KW  Probable   average   useable  povjer 

POWER  AVAILABLE      2.9i|J+i|.  KW,    round    off    to    3   KW   constant   power 

Power  generated   peak  3  KWs 

Power  generated   each  2i|  hours-   72  KV/H 
Power   generated   each   month     2,l60  KWH 

Power    required   peak,    no  heat        30  IJJs    )   ^^   electric   heating 
Power  required   average,    24  hr     I|0  KW      ; 

Power   required   peak  50  KWs    )    heating  &   domestic 

Power   required   average,    2I4.  hr   I6O  KWH    ) 

Conclusion: 

It    is   not   possible    to  heat   the    home  with  the   power  generated. 
The   average  non  heating  2l\.  hour  power  is    less    than  the  average 
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power   produced.    It   is    therefore   possible    to  store    the 
electricity  generated    in  batteries   on  a    constant   2ij.  hour 
basis.  An  Inverter  would    be   required   to   develop   peak  power 
on  demand,    The  system  then  must  be   analyzed    on   the   basis    of 
storage. 

BATTEfg"   STORGAGE     ANALYSIS 

A  bank  of   lead-acid,    deep   cycle  batteries   will  be   required. 
The    voltage    of    the    battery   bank  ivlll    depend    on    the    specific 
inverter   selected,    for    the    purposes      of   analysis    assume    l8     , 
12   volt    batteries    in   series,    producJj:ig    216    volts   D.C.   The 
first      step   is    to   size   the   amp  hour   capacity    of   each  of   the 
18  batteries.  This    is    computed  as   follov>/s. 

30  KW,    30>000watts,    is    the    peak  power   required   for  Orlena 's 
home.    18  batteries    in  series    produce   216   volts, 

30,000    (watts)    -i-   216    (volts)   ■   138    (amps)    ohm's    law 

To   produce   3O  KW   of  power,   a   bank  of   I8  batteries,    connected 
in   series,   would    have   to  produce    I38  amps    of  current   flow. 
Since    the   batteries   are    in  series,    I38  amps   would   be   flowing 
through  each,   Each  battexy    is    12  volts.    The    power  per  battery 
is    then  computed  as   follows: 

138    (amps)   X  12    (volts)    -   1,6^6  waoos    ohm's    law 

Each  12   volt  battery   must  deliver   1,656  watts    to   provide   the 
30  KWs   required  at   peak  power.   Sears,    type  ij-B  battery   specif- 
ications,   indicate    it  will  supply   262  watts    for  205  minutes*, 
It  will  supply  6,720  watts    for  30  seconds.   Assume    the  battery 
can  safely      -    discharge   ZS'/o  of  its    capacity  without   seriously 
effecting    its    life.   Further  assume    the  peak  power  will   be 
required   for   one  hour.    The    requirement,    p.jr  each   12  volt 
battel^,    is    to  supply   1,656  watts    for  60  minutes,    and    only 
discharge   25^  of    its    capacity,    3c3l6   hours    (205   minutes    divided 
by  60  minutes)    at    the    rate    of   262  watts    per  hour   is    the 
specifications    of    the   Sears,    type  i|8,   battery,    3o3l6    (hr) 
X  25l^Adeslred   discharge)      equals    0«Q^l\.  hours.    The   single 
battery   could   produce  262  watts    for   0,85il-  hours   and   consume 
only  25/0  of  its    capacity.    1^656   watts   required,    divided   by 
262  watts    provided   per  battery,    equals   6,32  batteries.    There- 
fore,   6»32  batteries    connected    in  parallel,    would    produce 
12   volts,    at  1,656   watts   for    O085J4.  hours,   and    consume   2S% 
of    their    capacity,    1,0    (    desired   hour   of    capacity)    divided 
by'  0»Q$k    (hours    of  capable    production)    equals    1,171.   Multip^ng 
6,32   batteries    times    1,171,    7 •k   batteries    are    required.    If 
it   were   possible    to  have    7 ,1^.  Sears    type  14.8   batteries    in 
parallel',    they  would   produce   1,656   watts   for   one   hour  and 
consume   25^   of    their   capacity.    Rounding   off   the   7»i4-    to   8,    the 
battery   design  now   becomes   8  Sears    type  l|.6  batteries   connected 
in  parallel    to  form  a    bank.    18    of   these   banks   will    then  be 
connected    in  series.   A   total   of   II4J4.    batteries   are    required. 
They  will   produce   30  KVV  for   1  hour  &   consume   2$%  of   capacity 

...^     ^~.. 
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The    system*    ma.lor  components   would   be   cos  ted   as    I'oljLows; 

Inverter  @  30  KWs    220/110   VAC 

1,200   feet  of  6   in,    PVC   pipe  at  $5.00   ft 

U+ij,  batteries   @  $50  ea 

Controller 

T  urb  ine/g  ener a  t  or 

Valves 

Concrete  10  yds  @  $55  yd 

Lumber,    rebar,    mlsc 

Equipment 

Back-hoe  [f.0  hrs   @  |80 

Loader        20    hrs  @  i/4.0 

Salaries 


Site  preparation  80  hrs  @  $5 
Instalation  of  pipe   20  hrs  @  $5 
Installation  of    turbine/generator 


Brin^infi:    in  public  power 


TOTAL 


;i?12,000e00 

$6,000.00 

7,20a  00 

3,000,00 

7,500.00 

150,00 
550.00 
350.00 

3,200,00 
800,00 


i|.00,00 

100,00 

100.00 

$ij.l,350.oo 


The    public  utility    is    close   by.   The    cost   to  bring   in  power 
is   $2,00  each  foot   of  distance   covered,    plus   ^lo50  each     mile 
the    crew  has    to    travel  each   day 


Poison  to   site,    16   miles    round    trip  @  $1#50 
Assume   1,000  feet  from  utility  to   site  @  $2c00/ft 

Total 


$2i|.,00 

2.000>Q0 

f2, 02^0 00 


SUMI^RY 

Altho   the    site   has   yet   to  be   surveyed,    it   is   assumed    the   staff 
from  DNRC   gathered  accurate   head  &  flow  data.    If  this    is    the 
case,    the   herein  analysis    should   be   within   the   boundrles    oi 
reasonable    limits,   Orlena  Barnard   indicated   a    desi]?e   for 
automatic   switching   equipment    to   the   utility   grid   for   periods 
of    Insufficient  power. As    the    site    could   generate    only   3  KW, 
and    the    needs    are    for    30   KW   peak,    the    switching   would    occure 
constantly.    Switching    equipment    is   new,    unknow   as    far  as    long 
term   reliability  &    safety.    The    cost    of   such   equipment   would 
be   an  additional  ten  to  fifteen   thousand   dollars   above    the 
$Ul*350»00     estinsted    for   the    project.    The   only  possible   system 
is    the   battery  storage   designed  &  priced.    There   is   still  the 
unknown  problems    of   installing  a   pipeline   under  a   major  State 
highway.   Since    the    estimated   price   of   the    system  is    $I|-1, 350,00, 
and    the    cost   of    bringing   in     power   is   $2,02I|..00,    it  does   not 
appear    to  be   a   prudent   expenditure   of   public   money.   There    is 
no  home  heating  possible   with   the    power  available.    For   these 
reasons,    the    project  does   not  appear  feasible  and    funding    is 
not    recommended.   Should   DNRC '  s    staff    measurements    of     head  & 
flow  be   of  by   a   factor   of   10,    extremely   unlikely,    then  the 
project   may   enter  the  realm  of   feasibility^   The    total  cost 
would   not   change   significantly,    however. 
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ABSTmCT  k    Sm:[..M'.Y  Ob'    ;''I.;  J1.!C-S 

Ted    Plaggenieyer,    brother    of   Louis    &:   Jack   Pla^g'jraeyer,    requested 
the   Enerr^y   Division,    DNi'.C,    study   a   canal  &   falls,    flowing   through 
the    Plaggemeyer's    property,    called    the  Six  Shooter   i^anch  Company, 
to   deuerraine   its    hydroelectric    generating   potential,    ihe    Plaggemeyer 
brothers    desired    to   both   use   and   sell    the   electrical  power  generated 
by    the    project. 

The    site  was    visited   September   20,    I98I.   ^11  engineering   measurenents 
and    reqiisite    'lata    v;ere    taken  at    tno   time.    Subsequently,    additional 
information  was    requested    and    receivod,   I'he    aite    appears    to    be    ^ 
ideal   technical    place    to    develop   a    hydroelectric    /;cnorauing    project, 
A   canal    flows    v/ater   approxl.  la  tely   ^   months    each  year,     ['he    w^  cer" 
drops    37i\    feet   ti:Lrou,gh  a    vertical  vja  ter    fall,    t'rimaj-y    electrical 
pov;er    lines    are     ;ithin  6OO   feet    ol'    che    site.    The    sine    is    conservately 
capable    of    developing   6^    I-T.i    of   useable   electrical  power   2l\.   hours   a 
day   for    the    five    months    of   current   flow.    Both  Plaggemeyer   brotliers 
live  and    work   on    the    ranch,   0\>mership   dates   back    to    the    orglonal 
homestead    rights    of    deed.    The    ranch    ovms    the  Xsrater   rights, &    there 
is   no   indication   of  any   reaGon  why   permius    could  not   be    issued. 

Access    to  the    site    is    through  private   property,    posted   with  no 
trespassing   signs.    The    last   part   of    the   access    is    through  a    creek 
canyon  '!c   a    clay    roajbedo    Viewing   by    the    public   is    problernatical. 
The   v;a  ter    flows    from    tne   Iiorth  rork    of    the   Big   Timber  C  rsek,    and    is 
consumed    by    the   water   rights    use.'o    in   its    entiretyo    There    is   no 
return  channel,   i-ir.    Louis    Pla  ;gemeyer   is   building   tiis    own  new  home 
in    the    immediate    vicinity    of    the    potential   site.    It    is    quit     obvious 
Louis    Plaggemeyer    is   a    man   of  great    cabability    Sc   could    construct    the 
project  with  a    minimum  of  proper   engineering    supervision, 

T'wo   bns  Ic    design   options    were   exaiained.    The    first   v/as    to   generaTB 
power   and    soil   it    00    the    utiliuy    company,     rnis    vjaa    further   sub-dividd3 
inco    the    ^    :-ionths    the    water   cur^^ently    runs,    and    on    the   assumpticn 
a    means    could    be    found    bo    dispose    of    tiio   water,    un  a    12   months      basis, 
'.Ihile    technically    an    ideal   site    to   generate   pov;er,    selling    it    to 
the    pov/er   company    is    extrodiely   non   cos  t-e  L'f  ec  tive   :.:    is    not   feasible 
for    thac    reason.    The    cost   of  o8l4.,025      v/ould    return   only   .;?l4.,271    to 
sj5>^13»    v:hile    the   expected   annual    interest   on   construction   costs 
vrould    run  between  v'10,063  -■'■  -.^IS ,12.l\.,    Tliese   are    the   p   monta   figures. 
On   a    12   month  basis,    the    project  would    be   expected    to   return 
■■'>10,020    to   912,980,    v/ith   the    same    construcuion   intt  rest   coats,    Cti 
a    12    month   oasis    the    return   is    essentially   equal   zo    the    interest. 
Additionally,    the    coat    of   providing   a    disposal   charuiel  will   raise 
both  construction   costs   ■■c   annual    interest  payments.    On  cost   vs 
benefit,    this    approach   is    not    cost-effective.    If, however,    matching 
funds   were  available   &   a    low   cost   diversion  of    tne   vrater  disposal 
were    availaPle,    the    project   could   be   cost-effective,    L'his    approach 
should   be   pursued    by    the   Six  Shooter   Ranch  Company, 

A   second   approach  was    co   genera oe    power  and   consume    it   on   the   premises. 
This    involved   generating   pov;or   on   the    average    consumption   rate, 
storing    it    in   li(l|.   batteries,   6:    having   an  electronic    inverter    provide 
house    pov;er   vAien  needed,     I'his   approach   is    extremely   non   cost- 
effective   (X   therefore    not    feasiole    on   either  a    5   o^   12    raonth  basis » 
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GENERAL  CQMHU^  IS 

The    site    investigated    is    called    the   Six  Shooter   Hanch  Company, 
It   is    located   several  miles   off  Highway   191,    eight  miles    North 
of   Big   Timber,   Montana,   Access    is    via    seasonal, private,    & 
unimproved    roadbed.    There    a  re    no    trespassing   signs    posted 
throughout.    Access    to    the    actual   site    requires    passing    through 
a   creekbed   canyon  and   a    clay   road  bed.    The   access    is   mentioned, 
as,    if    the    site   were    to  be    developed   with  Bureau   funds,    public 
viewing   would    be   problematical    during    summer  &    improbable    during 
winter  &   spring, 

rhe    Six  Shooter    Ranch  Company    is   a   Montana   Corporation,    closely 
held,    by    the    Plaggemeyer   brothers.    Ownership    dates    back    to    the 
orgional   homestead   rights    of    the    Plaggemeyer    family.   Mr.    Louis 
Plag-^emeyer   is   building   a    new   home,    his    personal   residence, 
a   few  hundred   feet   from   the  potential   sitoo   His   brother, Jack 
Plaggemeyer,    lives    approximately   ^  mile   away.   Both  brothers, 
Louis  &   Jack  Plaggemeyer,    live   on  and  work    the    ranch,  A   third 
brother,    Ted   Plag.^emeyer,    lives    in  Helena,   Being   aware    of    the 
Bureau's    objective    to   promote    the    development    of   microhydro 
power   production  in   tne   state    by  establishing   demonstration  sites, 
Ted   Plaggemeyer   intervened   in   his   brother's   behalf.   He    requested 
a    study   be   authorized    to   determine    the   potential   of    the   canal  & 
falls    located   on   the  Six  Shooter   '^^anch  Company   lands. 

The    site   was    visited   September  20.    1981.    The   flow   of  water   and 
elevation  measurements   were    taken,    along   with  reqiisi  ue   engineering 
data    required    to    conduct   a    feasibility   study.    The    site    is    served 
by    Park  Rural  Electric   Cooperative,    out    of   Livingston,    Montana, 
Primary  power,    with  sufficieni>   capacity    to  accept   the   power 
generated   by    '.he  site,    is    in   place   within  600   feet   of    the   site   of 
a    potential   power  nouse. 

The   Plaggemeyer   brothers    do   not  havc    a    well   defined    utilization 
of    the    power    that    could    be    produced,    i'hey  would    like    to    either 
use    it,   sell   it,    or    both.   Consequently,    this   study  will  examine 
all   reasonable    options. 

The   water  comes    from   the  North  Fork   of   the   Big  Timber  Greek, 
approximately   1^  miles    avray   from   the    site.   The   water   is   diverted 
by  a    ditch    rider,    who   subsequently   records    the    flow   each  month  in 
t'ne   County  Court  House  records.    The  water  is   available   approx- 
imately five  months    out   of  each   year.    During   exceptionally   dry 
years,    the    flow    iries    up    for   a   maximum  period    of    two   weeks.   The 
volume    of  water   is    consumed   by    the  water    right   holders   in  its 
entirety.   It    does   not   flow  back   into  any   channel   or  stream  bed. 
The    site   consists    of  a    channel   flowing   through  a    rock  bed   cut   in 
the   side    of  a    mountain.    It   then  drops   vertically   37^  feet,    in  a 
waterfall,    where    it  continues    to  flowo  The   Six  Shooter   Ranch 
Company   owns    the   necessary  water  rights    to    the   water   use, 

Louis   Plaggemeyer   states    the    Ranch   lands   are  not   the   site   of 
Indian  ceremonial,    burial  grounds,    or  any   established   useage    that 
would   preclude    the   isuance        of  permits.  The   canal   is    devoid   of   fish, 
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SPbCIf'IC    DATA   GATnERED 

The   canal  was   measured   i:i  li   different  places   and   averaged» 

Case   jf   lo 

Width:    13  ft-6in  13o^  ft 

Depth  r.easureraents    (all   in  inches) 

5,6^,7  3A,8|,10,9t,10,9,9-^-,9i,10,9  3A,9  3A,10,9,7|. 

Average:    8.828   inches,    0,7356    feet.  Op 7356   ft 

Time    measure p-ients    for   float    to    cover    measured    distance. 
All   measurements    were    in   seconds,    ^loat   was    kiln   dried    special  wood, 
weighted    to   submerge    two-thirds    its   height.   A   distance   of   100   feet 
was    measured    out    on   tae    canal  banks,    10   floats   were    measured    to 
determine    the    time,    in  seconds,    each    took    to    traverse    the  100   feet. 
This    time   was    used   for   each  of    tne    four   cases    to   determine   flow. 

l^'low   distance:    100  feet 

Tine    measurements:    (all   in  seconds) 
19o5,25oO,2i|..0,2l+.l|,26.5,27.5,25.0,23oO,25o2,2l|.95 

Average  2l|.oi|.65   seconds 

Case   #   2. 

Width:    13   ft-2in  13.1666   ft 

Deoth   measurements    (all    in   inches) 

6|,8i,9|,ll,10i,l(^,10i,10i,ll,10i,9  3A, 10,10, 7  3A,7,6i. 
Average:    9.375   inches,    0.78125    ft  0,78125   ft 

?low   distance:    100    feet 
Flow    tirre:  21j.oL!.8^  "seconds 

Case   if   3o 

Width:    13  ft-Oin  13*00   ft 

Deoth   measurements    (all   in    inches) 

5,7i,8,10-^-,ll,ll,ll,ll5,10»10,10,10-^,10,9i,8  3A,8  3A,8  3Ao 
Average:    9.5    incnes,    0.791666   ft  0.791666    ft 

Flow  distance:    100    feFt 
Flow   time:  214., 1485  "seconds 

Case   ff  k* 

Width:    16   ft-0   in  l6,00  ft 

Depth  measurements    (all   in  inches) 

k  3A,5,6,7  3A,8,8i,8i,9i,9^,8i  9,9,8,7i,7,6,5i,I;  3A.   ^^^ 

Average:    7o3U722    inches,    0,6122685    ft  0,6122685   ft 

Flow  distance:    100   feet 

blow   time:  2i|ol4-85   seconds, 
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Calculation   of   water   flow   volume. 

The   following   formula   was    used    to   determine    flow: 
The  width   of   the   creek.    In  feet,    times    the   creek:   depth.    In  feet, 
times    the    distance    the    float    travels    in   one   minute,    times    the 
constant  0,8,    equals    the   number    of   cubic    feet    of  water  flowing 
each  minute, 

Nummary   of    the   four  measurements 

Case  #     Depth        x     Width  x  ^is tance/time    travel     x  Const^CFM 


Case 

lo 

Uo/jit)bYY 

X 

13. 

.b 

X 

IIUO' 

X 

6'U 

o 

^uilBbJ 

X 

u,y 

■• 

l,Vi|6. 

,98i^3 

Case 

2, 

0,78125 

X 

13. 

.16 

X 

(100 

X 

60 

• 
• 

2k,kQS) 

X 

0.8 

■ 

2,016, 

.5395 

Case 

3o 

0,79166 

X 

13  < 

,00 

X 

(100 

X 

60 

-*- 

2i^.[^85) 

X 

0,8 

= 

2,017. 

.5599 

Case 

k. 

0,61226 

X 

16, 

,00 

X 

(100 

X 

60 

• 

2[^,k85) 

X 

0.8 

m 

1,920, 

,1^1+99 

The  average  of  the  four  cases  is  1,975»3829  CFM.  ^ince  the  power 
calculations  require  cubic  feet  per  second,  the  above  average  is 
divided    by  60    (seconds), 

1,975.3829  CM  -A-  60  =      32,92301^.8  CFS 

The    flow   of  water   on  20  September,    1981  was:  32o923Qlj-8  CFS 

Elevation  measurements 

A   site   was    selected   below   ttie    falls    for  a    power  house.  A    "Keuffel 
&  Esser,    K&   E,"   professional   surveying   transit   was    used, along 
with  a    calibrated   survey   rule  x    steel   tape,    to   determine   elevation. 
The    results    are    shown   below. 


Upper  Chanel 


37.Ii.9721  feet 


Water  Fall 


Lower  chanel 


The   upper  chanel  and   potential   dam  site    is   shown  below. 


100   ft 


8    ft 


t ^^   - 

I    Required      * 
I      new  levee     ^ 
I       'X    rip-rap 

/   

Existing 

'     Bank 

\* — 10    ft  


i-:ountain 
slope 


Very   sharp 
drop      off' 


Cross   section  view 


ihis    is   a   good   place    to   point   out    that   aporoxl.T.ately   100   feet   of 
additional   fill  would    be   required    on    the    dovmhill   bank.   The    creek 
side  would    require    rock   rip-rap    to    protect    the   bank   fron     water 
erosion,    i'he   stream  cnanel   is    cut    t:iroUf-h  a    shale   rock   formation, 
snowing    excellent   historic    stt.  bility. 

POVjl::r?   GALCUL.ii'iONS 

The    following;   formula    is    used    to   de:;erriine    ohe    "no   loss"    power: 

Power,    in  kilowatts    -  Cubic    foot  vfat:er   flow  x  head   in  feet 

ii7B~  — — 

?low:    32.9230t|.8  c:-s 
Head:    37ol+9721  feet 

Power,    in  KW     =  32.92301^6     x     37.^9721 

11.  b 

Power   is    therefore:    10i;,6205ij.  Kilowatts. 

It  must  be  pointed  out  that  this  is  no  loss  potential  oower,  and 
must  be  reduced  "oy  the  turbine  efficiency,  generator  efficiency, 
transforraer  b.    line    losses,    to   determine    useable   power. 
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Before   the    system  can  be   designed  and  a   pov/er   level   determined, 
the   variation  of  water   flow  raus  t   be   determined.    It    is    desirable 
to    desir^n   the    system  so    that   a    constant   flow   of   water    is    available, 
Exce:33   water  would    be   allowed    to   spill   over   during;    periods    of 
high  water. 

Fortunately,    the   monthly    flow    of   water   has    been  recorded   by    the 
ditch  rider    each   year.   The    following    table    la    the    average   of 
nine   years    recorded    data. 


Month 


Recorded 
(Miner 's 


flow 
inches ) 


— i-   I4.O   equals 


Cubic   feet/second 

CFS 


January 

Zero 

P'ebruary 

Zero 

t-iarch 

Zero 

April 
hay 
June 
July 

August 

Zero 

l,589o25 

I,ei4.0o66 

1,788.33 
1,536,71 

September 

-"•  Zero 

October 

Zero 

November 

Zero 

December 

Zero 

UO 

ko 
ko 

l|0 


0 

0 
0 

0 

39, 

i^6, 


^: 


.73125 
,0165 
.0  7  0825 
38.1+1785 
■«-32o92a4.8 
0 
0 
0 


CFS 
CfS 
CFS 
CFS 
CFS 


if  VJhile    the    September    flow  was    not   recorded,    v/a  ter   was    measured 
on  September   20,    I98I   as    representative    of  September   flow, 

-x--;;-  l\.Q   miner's    inches    equal    one    cubic    foot    of  water    flow   per   second, 

Povjer   calculations,    continued; 

Using    the   formula    on   page    five,    the    theoretical,    no    loss    power 
for  eech   of    the    months    the    wa  cer   flov/s    is    shown   below. 


i^onth 


May 

June 

July 

Aug. 

Sept, 


Water   flow 

39«73125  CFS 
I4.60OI65  CFS 
l|ii«70835  CFS 
36cl|l785  CFS 
32o920i+e  CFS 


Theoretical   power 

126.65516  KW 
11+6,22799  KW 
l[+2o0710l+  KW 
122.08153  KW 
10l|<,6205i+   KW 


The    low  water,    average   flow  would   appear    to    occur   in  September  of 
the    year.    To   account    for   seasonal   f luxation,    a    conservative,    no 
loss    power   of   100   KW   will   be   assumed    for   design  purposes.    This 
power   is    reduced    as    follows,    to    derive      the    useable    power, 

100  KW    theoretical,    no    loss    power 
X  0.8     Turbine    efficiency 
X  0,85   Generator  efficiency 
X   0,95   Transform.er  &    line    losses 
6 1+06    PCW    useable   power 
Rounded    off,    assume    a    conservative   65   Kilowatts    of    useable   powero 
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Six  Shooter  Ranch  Co, 


If   the    system   is    to   be    Jesif^ned   ard  built,    th.e    low   water   period, 
occ'orin.;;    late    in   the    season,    should    be    uhe   basis    of    design.   A 
constant    head  and    volume    of   water   shoulJ   be    available    to    the 
generating    equipment   at    all    time,    hxcess    water   will   be    allowed 
to   spill    over    the    dam  spillway   at    times    of  nip^h  waoer.The    following 
table  will   show    the    effect   of   designing    ttie    site    for    tne    low 
water   measured    in  September   and   allov/ing    tne    spilling    of   the 
during    the    rest    of    the   yearo 


res  t 


Month      Pheoretical     power 


Useable    power 
-"■   see   note 


Water   over   spillway    if 
designed    for  Sept,    flow 


May  126.6^^16   KV; 

June  114.6,22799   K\: 

July  114-2 0O7IOI4.   KW 

Aug.  122.06153   KW 

Sept.  10[4.o6205      KW 


81.8  r:w 

9k-o5   KW 

91.8  KW 

78.9  KW 
67 06    KW 


6.81  CFS 

13.1 

CFS 

11.8 

CFS 

?.5 

CFS 

0.0 

CFS 

Example:    If    the    site    were    desi.jned    to    use    tne    flow    of  water 
available    In  September,    6.8I  C r'S   of  water  would   be    flowing    over 
the   spillway   in  May.    i'he  May    useable   power    is    81,8   KW,    however, 
since    the    system   is    designed    to  produce   a    constant  67o5  KW,    with 
the    excess   flowing   over    the   spillway,    the    useable   power  will   be 
constant    from   May   to   September   at   67.6    KVi. 

-;;-  Note:  The  useable  power  is  shovnhere  for  interest  only.  This 
number  shows  how  much  power  is  available  _lf  the  system  v;ere  to 
be    designed   for    this    month,    instead    of    the    low  water   month. 

Summary    of   useable   power 

For  purposes    of   costing   and  planning   assume   67i>  IvlV    of   useable 
power  will   be   available    2l\.  hours    each   day    during    ttie   season  when 
the    water    is    available,    if   the    system   is    to    be   actually   built, a 
more    conservative    design   number   would    be   65   KW. 

DESIGN   &  COSTING   OF  Thfc   SYS'i''i::M 

There   are    two   possible    uses    of   tne    electrical  power   generated. 
The    first    is    to   sell    tine   power    to    the    utility   company.    The 
second    is    to   generate    and   consume    the    power   on    the    premises.   There 
is    obviously  a    third   possibility,    where   power   is   both   sold   and 
consumed.    From  a    cost   of   construction   consideration,    this    is    the 
same    cost    of    construction  as    selling   power    to    the    utility. 

The   system  will   be    costed   as    two   separate   designs. 

Pesipin  ff   1.    Sell    the    electrical    power   generated    to    the   utility 
utility    company,    T'he   generator  would    be    connected    to    the   primary 
power   lines    of    the    utility   company's    transmission   lines    through 
special  equipment   that    combines    both   safety   and   matching    of    the 
electrical   characteristics    of    the    generator  with   the    requirements 
of    the    utility  grid,   A   meter  would    indicate   the   power   sold,    i'he 
service    to    the    house   would    be   unchanged. 
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Probable   cost    to   sell  pienerated    power    to    tae    utility    cOo 

Owner   built    dam  and    spillway  ^p2,500o 

Owner   built    trash  rack  IpO* 

Water   flow   gate,    owner    installed  ^00, 

Penstock:    1;   ft    diameter   steel,    low    pressure  800, 

Owner   built   power  house  2,000, 

Switching    &    safety    equipment  10,000o 

Land   fill  k   rip-rap,    owner   installed  l,500o 

Lightening   arresters,    2    each  (>'i  ^100   ea «  200, 

Transformer  500  o 

Primary    underground   wire:    700   ft   J  $1,25    ft  875« 

Turbine   packa;-e   oer  attached   Leffel   bid  6l,900o 

Control  panel  &   misc.    (estimated)  3»100« 

Estimated    costs  !;36l;,025« 

This   cost,    $814., 02^0,    is    based    on   the    assumption  that  ilro 
Louis    Plaggemeyer  will   perform  much    of    the   work  himself,    under 
proper  engineering    supervision.    In  my  meeting   with  him,    it  was    my 
impression  he   was    a    man    that   was    extremely   capable.    Told   what 
to    do,   why,    &  what   to   be    concerned   about,    1    nave   no   doubt   ne 
could   complete    the    project   without    entjaging    an   engineering 
construction   firm   experienced    in  hydroelectric    construction 
projects.    The   project  would    require    additional  bidding    if   the 
job  were    to  be    completed    by   an   engineeriiig    construction   firm. 
The    price   would  be   at    least    twice    the   above    estirrate    in   such 
a    case. 

Design  "   2oGenerate  &   consume    tne    power   on   the   premises. 
In   design  ff   1,,    all   the    electrical   power   generated,    entered    the 
power   lines    and   was    consumed    someplace    in    the    system,   V.'hen  power 
was    needed  by   the  home    it   was    drawn  from   the    lines   and   used   as 
and  when  needed.   To  generate  all    the  electrical  poxi/er  required 
in  a    modern  home, requires   generating   electricity   at    the    avera=;e 
rate    it   is    cons'Jmed,    and    then   storing    it    in   some   manner   until  a 
peak   demand    is    required    and    then   supplying    it.    This    is    done    by 
selecting   an   average    monthly    consumption   of    electrical   power, 
specified   by   the    number    ol'   kilowatt    hours    consumed.    Assuming   a 
30   day   month  and    2I4.   hour   day,    the   number   of   kilowatt    hours    used 
is    divided    by   720    (30    days    x  2i|   hr)    to   arrive   at    the    average 
hourly    rate    of   electrical  power  consumption,    i^'or   example,    if  a 
family    consumed   3,300   kilov.'att    hours    of   electric   power    in   30   days, 
l4.,583   kilowatts    would   be    consumed    each  hour, on      the    average, 
(3,3000   divided   by    720   equals   i;,583).    In   this    example   a    generator 
providing  k^S^h   kilowatts    of  power   each  hour  would   produce   all    the 
electrical  power    required   by   tne    family.   Unfortunately,    average 
power   can  not   provide   all    the    power   necessary   at   any    one   point. 
For   example    the    average   home   may   require    30  kilowatts    at   any   time. 
This    is   wtiy   the    average    power   must    be    stored   and    made   available 
when  needed. 

For    quality    of   life, a    storage   system  must   be   designed    in  such  a 
manner    that    the    eleci-rical  needs    of   tut;    nome   are   supplied   when 
required    in  essentially   the    same   manner    the   electrical   utility 
supplies    power    to    the  home    today.    The   basic    concept    for   the 

-8- 


Six  Shooter  "Ranch  Co,   would   be    to   store    the   electricity    in 
deep   cycle   batteries    as    it    is   being   generated   2i|.   hours    each 
day«   When   electrical   novrer    is    required,    the   DC    DOv;er    in    tne 
batteries    is    automatically    converted    inco    the    120/2[i.O    volt 
AC    power  needed  by    the    home.    The    occupant   of   the   home   is    unaware 
of    the    source   of   powero   An  electronic    inverter   changes    the 
battery    pov/er    to   house   power   on   demand.   The   system   is    designed 
as    follows. 

Electrical    load    analysis 

I    would  assume    t-ir,    Plaggemeyer   i::ias    tiie    following: 

Clothes    dryer  5>'^00   watts 

Dishwasher  1,200 

Small   pov/er    tools  250 

Freezer  J|J|0 

Garbage    disposal  iti^5 

Iron  1,100 

Range  9,200 

Refrigerator  600 

Television  350 

TJbter  1,100 

V/ashing   machine  500 

\vater  heater  5»500 

Oven  8,000 

Coffee    maxer  1,000 

Lighting  1,200 

36,385  watts 

VJhile    the    details   may   vary,    it    is    reasonable    to   expect  a   home 
to   require    30,000  watts,    or   30  kilowatts   at   any   time   during    the 
day.   The    following   power   summary    is    reasonable, 

30  K\'/s    oJ   peak  power   required   any    time 
60  Kilowatt   hours    consutaed    each- 2ij.   hours 
1,800   Kilowatt    hours    consumed    each  month. 

This   will  be    the    basis    of   desip;ning   a  stora.;e    system.    The    exact 

ratio   of   the    actual   power   consumed    to  the   above   figures    can   be 

used    to    cnan.se    tae    size,    6;    subsequent  cost,    of    trie    final   system 

The   numbers    I   ata   using   are   very   close  the    the    power  actually 

consijned    by  i-^r.    Louis    Plaggemeyer, 

60   ICV/    hours    consumed    each  2li   hours    averages    2,5   KVJH   each  hoiir. 
With  2,5   ^■^'■■'S    consumed    each  nour,    on    the   average,    it    is    good 
engineering   practice    to   design  a    system  capable    of   producing 
twice    this    power,    or  a    5   KVI   system,    it   will    last   longer  k   be 
significantly    more    reliable,    -i-t    is    also    cheaper    in    the    long    run© 
A   typical   lead-acid   battery  will   last   10  years    if  not   allowed    to 
discharge    significantly. 

Battery   design;    Battery   storage    is    difficult    to   predict    even 
under     ideal    conditions.    A    large    number    of   batteries    will   be 
reauiredo    'The   volume,    plus    the    requirements    of    tne  liational 
Electrical  Code,    dictate   a    special   facility    to    nouse    the    batteries, 
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'L'he    first   step    is    to    deteririlne    the    number    of   batteries    renuired. 
Several   batteries   will    be    in   parallel   for    capacity.    Each   of 
these    parallel  banks    of   12    volt    batteries   will   be   connected 
in  series.    Ima;^ine    l8   very    lar,';e    12    volt    batteries    connected 
in  series.   This    groupiru;    of   batteries   will   product    ttie    voltage 
and    the    power    required   by    the    peak   p.-wer    detnandso 

30   KV;,    30,000  watts,    is    the    assuraed   peak  power    required   by 
Louis    Plagi^emoyer.    I8    batteries    connected    in   series   will   produce 
216    volts    (    12   volts    times    I8   equals    216)    volts), 

30,000    (watts)    -1-   216    (volts)    =   138   anps      Ohio's    law 

To  oroduce    30  lO/s    of  power,    a    bank  of   18   batteries    in  series 
would    have    to    provide    I38   amps    of   current   flow,   i3ince    the    batteries 
are    in   series,    I38   amps   would    be    flowing    trirough  each  battery. 
Each  battery    is    12   volts.    The   power   for   each   battery    is    then 
computed   as    follows: 

138    (amps)    X  12    (volts)    -   1,656  watts 

Each   12   volt   battery    must    then   deliver   1,656   watts    to  provide 
the   30   KWs    required   by    Pla,;geiaey<ir   at   peak  power.    Sears    type  [|.8 
battery   specifications    indicate    It   will   supply   262  watts    for 
205  minutes.    It   will  also   supply   6,720  watts    for   30   seconds   as 
well,    which  will   help   in    the    raoments    of   excess   &.   unexpected 
poi-/er   surges.    Assume    tne    battery    will   be    allowed    1:0    discharge 
25  ■»  of   its    capacity.    This    is    a    reasonable    discnarge    level    to 
insure    Ion;   life,    as    long   ts    tne    battery   is*    recharged    in  a 
reasonable    time.   The    requirement   then,    for    the    individual   12   volt 
battery,    is    to   supply    1,656    watts    for    the   period    of    time    the 
peak  power    is    required,   A  very   conservative    time   period   would    oe 
an   hour.    {    this    much   time    would    rarely   be   required)    3«3l6    hours, 
which    is    the   Sears    type   [|.8   battery    capacity    (.205   rainutes   -^   60). 
3o3l6    hours    x    the   25^^  maximum  amo'ont    of   discharge    equals    Oo85il. 
hours    of   discharge    per   battery,    i'he    individual   batcery   would    then 
produce   262   watts    for   O085I4.   hours,    and    consiune    only   2S%   of   its 
power. 

Since   each  battery   was    shown    to   require    1,656    wattes    of   power    to 
produce    the    ],0   KWs    of    peak   power,    6o32   batteries    (1,656    watts 
divided   by    262  watts)    would   be    required    for  a    bank.    6,32    batteries 
connected    in   parallel   would    produce    12   volts    and    1,656    watts    of 
power   for   Oo85i4-   hours,    and    discharge   25^    of    their  power.    Since 
one    hour's    time    is    desired    tne    number    of    batteries    must   be    multi- 
plied  by    tire     ratio   of    increased    time,      1   hour   divided  by   Oo85la. 
hours    equals    lol71    time    the    6,32   batteries    equals    Jok-  batteries, 
A   total   of   eight   batteries    in   parallel      are    then   required    to 
provide    tte     capacity    of   the   bank.   Eighteen  of   these   banks    are 
then  corjiected   in  series    to   complete    the    storage,    1i|)|    Sears    type 
I4.8  batteries,    or    the    equivalent,   would    then  be   required.    They 
would  be    capable    of   providing    30   kilowatts    of  power   for   one   hours 
time,    while    discharging   ZSfo   of   their   power.   Thia    completes    the 
battery    analysis. 
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Storap.e   concept   3;mnary 

A   ^^enerator  produces    electrical   power  2i|    hours    a    day   at    the 
averap;e    rate    oT    consumptiono   In    the    case    of   ^ouis    Plai^,-;ecneyer 
approxlma  tely  2g-  I^s    of  average   power   ciaa   been  consumed.    It    is 
assumed    that    approximately    30   KV/a    of   peak    power   w.uld    be    needed 
for   periods    up    to    one    hour.   To   provide    this    power   l8   banks    of 
6   batteries   per  bank,    are   connected    in   series,    or  a    total   of 
Ujll    batuerieso   ^n  electronic    inverter  will  provide    the   necessary 
house    voltage   and   power    on  a    demand   basis,    drawing   power  from 
the   battery   storageo   By    allowing   the    batteries    to   discharge   a 
maximum    of   2$%   of    the    power   and    tnen  recharging,    a    life    of   up 
to    10  years    can  be    expected,   A   separate    storage    facility    to 
house    the     battery    banks    will   be    required    by    code    and    safety 
cons  idera  tlons , 

Probable    coat    to   p;enerate   &:    consume   power    on    the    pr^imlses 

Owner   built    dam   ?c   spillway  ii?2,500o 

Owner   built    trash  rack  l50o 

V/ater   flow   gate,    otvner    Installed  500o 

Penstock   SDR   30/30   gravity    sewer   pipe  14.12, 

Owner  built   power   house  2,000o 

Land   fill  &   rip-rap,    owner  installed  l,500o 

Lightening  arresters,    2   each  'p2  3100   ea ,  200o 

Transformer  500, 

Primary   underground   wire:    70o   ft  ©  splo25    ft  675o 

■«•  Generator/turbine   package  l5>000o 

-;;-  2,500   ft  primary    underground   wire    to   o^ack's    house      3»125o 

-;<■   Transformer    for   Jack's   house  500, 

->   II1.I4.   batteries    for  Jack's   house   J  ^50   ea  7»200o 

-;c-   30   KW    inverter    for  Jack's    house  24jOOOo 

■;;•   Battery   storage    facility   for   Jack's    .lOuse  3»000o 

.;;.  Battery    electrical   connections   a   equipment.    Jack's    3*500, 

-;<•  Charging    equipment,    rack's    aouse  1,000, 

1)|1|    batteries    for  Louis's    house   v''^  ii350    ea  7>200o 

30   KW    inverter    for    Louis's    house  2L|.,000o 

Battery   storage    j.'acility    for   Louis's    house  3»000o 

Battery    electrical   connections   'j.    equipment,    Louis '  s3»500. 

Charging   eouipnent,    Louis's    house  1,000, 

Estimated  costs  :^10l+,662o 

The   cost    to   generate    the    average    electrical   power   required    by 
both   Jack  Sc   Louis    Plaggemeyer,    store    it    in  batteries,   & 
convert   it    into    house    power    on  demand    is    estimated    to  be 
$1014., 662. 

*  If  power   is   generated  k    stored,    etc.,    for  Louis   Plaggemeyer's 
home    only,    theji  the    generator  cost   can  be   reduced  by  i?5»000,  <3c 
■    the   cost   of   Jack   Plaggemeyer's    system,   ^k2,32.S»    reduced.   The 
total   cost   of  adding   Jack   Plaggemeyer    to    the    storage   systeia   is 
$14.7,325  additional   dDllars.    ■^'he    cost   to   provide   a    battery   storage 
system  to   supply   Louis    Plaggemeyer  home    is   §57*337. 
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Co3t   summary   of  generating  Jc   consumlnp;   power   on   the    premises 

Provide   power    to    both    Jack  &   Louis    Plag^emeyer  $10l|,662. 

Provide   power    to   Louis    Plagi-jemeyer   only  57»337« 

Additional    cost    to  add    Jack   Plaggemeyer  kl,}2^o 

Cost    to   benefit   analyses    of    the      design   options 

The   following    table    shows    the    electrical  power    Jack  &   Louis 
Plaggemeyer   have   historically    consumed,    i'iie    right    hand   column 
indicates    the    cost    of   purc-hased    power. 


Month  Power  Consumed 

Jack  Louis 


Total  Consumed 
both  families 


Total  Costs   '3  3?S^KVfi 
Jack     Louis   Total 


Jan,  3,300   KVjH  2,000  K^/JH  5,300  KWH 

Feb.  3,300  K'/m  1,800  Ki'/H  5,100  kv;h 

March  3,200   KV/H  1,600  IC/JH  [|.,800   KWH 

April  3«10Q   KVJH  l,h.Q0  KWH  ij, 500   KMH 


May 

June 

July 

August 

Septo 


3,000  KWH  1,200   KVm  i^,200   KWH 

2,900  Kvm  1,200  mn  i;,ioo  &m 

3,000  KVJH  1,200  K',m  i|,200  ra^fH 

3,100  K)/;H  1,200   K}^H  1^,300   KaH 

3.200  KWH  l.if.00   mE  [i.600   KWH 


^ao? 
$107 

$101+ 

^3,00 


i^65 
§58 
fli52 


5^172 

5.1^5 
5?156 

Mh5. 


Octo 
Nov. 
Deco 


3,200 

3,300 

3,300 


Kvm 

K>/H 

Kvm 


1.14-00 

1,600 
1,800 
2.000 


KWH 
KVJH 

ra.'JH 


i|,800   KVJH 

5,100  ra^JH 

5.300   KVJH 


S97 
$914- 
$97 
."plOO 


■nok 
!rPio7 


:;>39 

$39 

5539 


5?  136 
$133 

i^l36 

$139 


^5' 


2 

t?58 


iiioi   M 


§165 
^172 


ornual  Totals         37,900  KVJH   l8,i4.00  mu.     56,000   la-JH 


f  5  months 
ihen  water 
.3    running 

Sunmary   of   power   consumed 


15,200   ra/H      6,200   ¥Mn     21,1+00   KVJH 


yl,228  ?p596  $1,821+ 


;^[;92  i-p201       i?693 


Jack   Plaggemeyer  consuines    37. 900  KWHs    each  year  at    a    cost   of  $1,228 
Louis   Plaggemeyer   consumes   lo,UOO  KVJHs   each  year   at  a   cost    of  ip596 
The  combined   useage    each  year    is   56,000  KWHs,    for   a    cost   of  $1,8214. 
During    the    five    months    t;ne   water    is    running    in   the    canal   a    total   of 
21,1;00   KVJHs    are    consumed    for  a    cost   of  $693. 

This    consumption    is   based    on    the    data    supplied    by   Louis    Platjgeneyero 
The   cost    is    on   the    assumption   of   3t9^  per*   KWHoShould    the    consumption 
or   the    cost   change    in   the   future,    this    table    can  be    reconstructed. 
The    resultant   values    can    then  be    "plugged    in"    to    the    subsequent 
cost-effectiveness    studies. 
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Cost    to    benef  it/Cos  t-of  :'ec  t  ive   analysis 

It    must    be    pointed    out,    that    I'rin.lle    the   federal  Government   passed 
a    law   requireirig    the    utility    coraponies    to   purchase    power,    the    law 
does    not   specify    how    much  money    taey   are    recjuired    to    pay,    I'his 
issue    is    currently   being    debated    at    hearings    before    uhe  Hont,ana 
Public    Service   Coiamiss  iono   A    decision   is    not   expected   until   sorae- 
time   in   late    1982,    One    thing    is    for   certain,    what   ever   the    price, 
it   will  be    significantly    less    than  what   you   are   nov;   charged. 


The    income   expected  &/or   the    costs    saved  will   be    shown  for   each 
design   option   discussed,   VJhile   tiie   water   flows    for   only  5   nonths 
out   of    the    year  at   this    time,    sriould    the   Six  Shooter   Ranch  Company 
v;ish    to    consider    taking   the    steps    required    to   nave    the   water   flow 
12   months    out    of    the    year,    the    resulting  dollar   effect  will   also 
be    shown. 

Design   option  {f   1,    Sell   all   generated    power    to    the    utility    co. 

Case   A:    Generate    power   5   months    when   water   f  lov/s . 

67o6    Wis    X  2l\.   hours    x   153   days   will  produce   214.8,227   kilowatt   hours. 

The    following    table    indicates    bho    income    expected   as    a    function   of 
the    or  ice    the    utility    coir;pany   will   pay   for    the    purchased   power. 
The   pr-ice    both   Jack   &   Louis    Plaggeneyer  now   pay    for   the    consumption 
of   their  purchased   pov;er   is    subtracted   from  the    income    to  arrive 
at  a   net   income.    Mot   knowing   the   source    of   funds    to   develop    the 
system,    the   estimated    cost   of  v81].,025   is    divided   by    the    income,    to 
indicate    the   number  years    required    to   recover   cost,   'nlaen  the    source 
of  funds    is    identified,    the    interest   costs   must  also   be    included 
in   deternining   time    to   recover   costs.   The   price   per   kilowatt    aour 
shown  in    the   left  hand    column  range    from  vnna  t   tne   utility   companies 
currently    cnarge    tr.eir   custoniers    to    tae   price    some    individuals    are 
now   either    being    paid    or    offered. 

Price   you  Gross    income      Less    the   Net   income      Number  of  years    to 

would   be  paid    for    the      v693  you  you  would        recover  your   costs, 

paid   oer  five  months        now  pay      receive   for  ^6i;,025   divided  by 

ea.    KTa/H  you  would    be      for  your    the    five  net    income 

sold  selling    power   power  months 

IJ?  ^^6,067.  -•,/693  WfTyih  II0I+  years 

3^  t7,i;U7.  -.V693  '.y^,lSh  12,4  years 

;:-  Zhi  i^'6,206,  -^?693  v5,5l3  l5.2   years 

;:-  2d  r^5ij.,965.  -!.?693  ^ij-,271  19o6   years 

iW  (53,723.  -S?693  ^3,030  27o7  years 

lol^  $2,730,  -t?693  ^2,037  i|lo2  years 

y  .'^a,2J+lo  -§693  ^^5ij.8  153.3  years 

l/lOj^  $2i^8o00  -^?693  Loss  

-::- The   best   estimate    of    the   eventual  price   you  will  be   paid    for    the 
power    you   will   sell    to    the    utility    company, 
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Summary    of   i^oueratlng 


f o  r    the    S    raonbhs    ivhen 


power  &   selling    it    to    tine    utilJGy   company 
the    water   flov/s. 


cents    i'or   each  kilowatt    hour 


return.    The    expected   return  for 
less    than   the    interest    required 
obviously    quite   feasible   from  a 
feasible    from  a    cost-effective 
business    sense    to    expend  ilp8L|.,025 


Assuming    you  will   receive   2    to   ^-^   ^v^*»v.^    ^^^    ~^^^..  x^^^w.,^^^    .^v^^x 
sold,    you  would    expect    to   net    between  ■ri<l4.,2TL  &   ^p5»5l3   each  year 
in   income.    l''rom    this    income    the   interest   paid    on    the  ■'■•i6i|,02'^  would 
have    to   be    deducted.    As    ;^[|.,271  represents    5o083;^>    ond   s:'5>5l3    is 
6o56l?o   of   the   $8ij.,025   cost   of   the   project,    and    the    current   interest 
charged    on   money    is    in    the    12-l8^    range    it    is    quite    obvious    the 
cost    to    develop    this    project    is    excessive   when   considering    the 

five    months    will   be    considerably 
on   the   cost,   VJhile    the   project   is 
technical   si-andpoint,    it   is   not 
standpoint,    it    does   not  make   good 

-_    „„r ir-T,--^    to  construct  a   project,    when   the 

return   is    between  S;;l+,271  &  H^,S13>,    and    the    interest   on    the   principle 
costs   will   be   between     ^?10,083.    (12?'c;    int.)   &  i;>lS,12k»    ( l8>o    int,). 
The   net   loss    would    range    between  ^5,8l2    ^10,083   int.    -  $i|.,271 
income),   <?c  .1^9,611.    (:i?l5,125    int.    -   ^p5,513    income). 

It    is    concluded,    therefore,    that   while    it   is    quite    feasible    to 
construct  a   hydroelectric   project   capable    of   generating   67,6   KV^s 
2k  hours   each  day   for  five   months,    the   project    is   not   feasible 
from  a    cost-effective   standpoint  and   should   not  be   developed. 

Case  B:    Generate   power   12   months    out    of   the    year  &    sell  all    the 
power  generated    to    the  utility   company.    It    is    realized    that   there 
is    currently   no   orovisions    for   returning    the    water    to    uhe   North 
Fork   of    the    Big   Timber   Creek,    or  any    other   point    of   disposal.   The 
cost   of  providing   a    means    of  returning    Lhe   water   to  an  appropriate 
channel  must  be   added    to    the   !;^8i|.,02^   cost    of   constructing    the    project 
and    the    following    table    recalculated, 

67o6   KVJs   X  2l\.   hours   x  3^5  days   will  generate   592,175  kilov/atts    a  year 
The   notes   above    the    table    on  page    13   will   also   apply    to    this    table 


Price   you  Gross    income      Less    the 

would   be  paid    for    the      ;;;l,82i4. 

paid   per  12    months  nov;   paid 

ea .    Kli'JH  you  would    be      for   your 

sold  selling   power   power 


Net    income 
you  would 
receive   for 
the   year 


Number  of  years  to 
recover  your  costs. 
;^8L|.,025  divided  by 
net   income. 


§19,2[l5 

$17,765 
$114-, 80i; 
^11,81^1. 
Hp8,883 

$6,53^ 
:?2,960 


-$l,82h  $17,li21 

''^l,Q2k  S?15,821 

-^l,82l|  ;1?12,980 

-^1,821].  $10,020 

-;,U,82lt.  ^7,059 

-$  1,8214.  :^/;,690 

-?a,82i4.  $1,136 

-$1,821;  Loss 


I4..82 

5o3l 

6.1^7 

8.38 

11,9 

17,91 

73»96 


years 
years 
years 
years 
years 
years 
years 


•M-  The   best    estimate    of    the  price   you  will   eventually   be   paid   by 
the   utility   company. 
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Six  Shooter   Rancn  Co, 


Summary    of   generating   power  12    months    each   year   k   selling    It    to 
the    utility    conipany. 

Assumin^^   you  will   receive    2    to   2^   cents    for  each   kilowatt   hour 
sold,    you  would    expect    to   net   between  G10,020     <3c  •',>12,9B0    each  year. 
From   this    income    the    interest   paid    on    the  ■o8[i.,025    cost   of    the 
project  would  have    to   be   oaid,    and    deducted.      •,^10,020   represents 
11,92??   of  ??8i;,025.   s^l2,98b  represents    l5.M^-/°   of  ^8i|,025.The   current 
interest   char;-;ed    is    in   the    12-l8''j    range.    At    l2fo   interest,    the   annual 
interest   char-^e   on   the    v8[|.,025   cost  would    be   ^',;10,083;    at   l8/o   it 
would   be  ol5,l2i4..   The    income    each  year  would    then   rimge   between 
>'10,020   tc  :'12f9dO,    The   annual    interest;   payments   would   range   between 
010,083  ^^-   $l5»12ij.o    A  30   year   payback   period   would    require   an   over 
simplified    vi2,800   reduction   of    the   principle    each  year,    at    a    zero 
interest    rate,    -iS    it   will   obviously    cost    noney    to   provide   a    route 
for   the    water    to    be    returned    to   a    disposition   channel,    this    option 
is   not    cos  Ineffective    either.   While    this    option   is    significantly      more 
coat-effective    than  selling   power   for   five   months,    ii;  will  pay    only 
the   interest   on   the    orinciple.   VJhen   the    cost   of   disposing   of  the 
water   is   added    onto    the    cost    of    the    project,    the    income   will  not 
be   sufficient    to   pay    the    interest   on   the    overall   cost.    Should   a   no 
cost  means    to   dispose    of    the    water  be    found,    and   a    very    low   interest 
source    of   money,    or  matching    funds    be    made   available,    this    approach 
could    become    cost    effective,    -^t    is    recommended    the  Six  Snooter   Ranch 
Company    investigate    this    possibilityo 

Design   option  jF  2,   Generate  (c   consume    the    pouer   on    the   premiseso 

The    following    table    indicates    the    dollars    saved   by    generating   power 
and    consuming    it    on    the    premises.    The    dollars    saved    are    those   not 
paid    to    the    utility    company,    'i'he    time    to    recover   tne    construction 
costs    is    an   oversimplified   division   of   cost    by    dollars    saved.    To 
provide   an    indication   of    interest   costs    eacn  year,     trie    two   right 
hand    colums    show   annual    interest    retuiired    for    tae    current    interesto 


Design  Options 


Cost    of 
Construe  tion 


Dollars 
Saved 
ea    year 


Years    Co 
iiecover 
C  03  ts 


Annual  interest 
d  12?b        ®  18^ 
payments 


5  mo,   Louis   only  $57 » 337 


•;;201 


285  years      g6,880     ^10,320 


5  mo.    both  bro.      ^;10[].,662 


V 


693 


151  years     t;l2,559  vSl8,839 


12   mo,    Louis    only  ^1^7, 337 


5^596 


96   years        ^^6,880     ^10,320 


12  mo,    both  bro.   ^vl0l4.,662 


$1,821;        57  years        5^12,559  3?l8,839 


It    is    obvious    that    the    dollars    saved,    compared    to    the    total   cost,    & 
more    specifically,    the    annual    interest   required    on   the    construction 
cost,    makes    this    option  extremely   non  cost-effective,   &   therefore 
not   feasible, 
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city   of         :       «n 


ABSTRJLCT  &  SUMMARY   OF  FINDINGS 


The   Clty_jaILJiQzemiA   requested    the   Energy   Division,    DNRC ,    study 
-etrz^lfian   Creekto   determine    the   hydroelectric   generating   potentialo 
The   City    dealreii    to    use    the    power    to    light    its    downtown   buildings, 
sell   excess    power    to    the    utility    company,    and    utilize    the    site 
as    a    public    demonstration   of    renewable    energy   at    work. 

Five    sites    were    identified,    and   an   engineering   feasibility    study 
conducted   on   each.   The   useable   amount   of  electrical  power    was 
determined,     the    coat    to    construct    the    facility   estimated,    the 
cost    to   benefit    ratio   shown,    and    the    practical   aspects    of    each 
site   discussed. 

The   sites,   a  nd   a   brief   sumnary   are    shown   below. 

Site   if   1.    The    existing   diversion   dam  at   the   mouth   of  Bozeman  Canyon. 

Summary:    The    site    is    technically   capable    of   producing   marketable 
amounts    of    electrical   power.    However,    it    is   neither   fe.asl  ble   nor 
practical,   Bozeman  Creek    is    subject    to    uncontrolled   period   flooding, 
and   seasonal   hlgn   water   flows.    A   new   dam  and    extensive    levees   would 
be    required    just    to   generate   power.    Without   flood    control,    the 
facility  would    flood  &    be    destroyed    each   spring.    Flooding   would 
contaminate    the    city  water   supply.   The    estimated   Income    is    between 
$1,752   &  $J2,190.   The    cost    Is    estimated    to   be   $14.7,14-00. 

Site  if-   2.    The    presedlmentatlon   settling    basins 

Summary:    a    one    mile    long    pipe,    capable    of   transporting    the 
v.a  ter   from  site   if   l,with   very    little   loss,    would   have    to    be 
designed  and    constructed.   While    it   is    technically    possible    to 
design  &    construct   such   a   pipe,    the    cost   would    be   prohibitive. 
The    exis  tinf^    concrete    pipe    can   not   be    used   for  a    penstock,    due    to 
its    frictlonal    losses.    The   four   mile    distance    to  Hyalite    is    too 
long    to    be    considered,    lilven   if    the   pipe   problem  could    be    solved 
for  a    reasonable    cost,    the   project   is    estimated    to    cost   $206,768, 
The    income    is    estimated    to   be   ^•56,132    to   ^7,665.    ^ue    to    the    one 
mile    distance    between    the   water   source   and    the    generator,    the 
site    is   not  pi^Qctical,    The    high   cost    of   construction  and    the   low 
income,    makes    it   economically   not   cost-effective. 

Site  //    3.    The   municipal  water   reservoir. 

Summary:    A   situation   similar    to    tlie   above    site    exists    here.    A 
two  t'x    one    half   mile    pipe    line    would   have    to  bo    designed    and 
constructed.    The    exls  tin;';    concrete    pipes    are    too    old,    too   small 
a    diameter,    avj\    too    rouj^h   to   be    of    use   for  a    penstock,    it  would 
be   a    major   engineer inf;    challenge    to    design  if.   construct   a    2y   mile 
long    pipe    ttiat    would    function  as    an    operational   pipeline.   Lven   if 
the    pipe   problem   could    be   solved    for   a    reasonable    cost,    the 
project    is    estimated    to    cost  !i?l|.29,620   to    construct.    The   annual 
income   would   fall  betv/e^n  ^;.6,307  &  $7,8814..   The   site    is    not  a 
practical   one    for  consideration   due    to   ti£    2^   mile    long    distance 
between  the   water    source  &    the   generating    site.    Further,    it   is 
definitely   not   cos  t-ef  J'ective,    due    to    the   high   construction   cost 
and    the    low  return. 
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City    of  I      (       n 


Site   ^  I|.o    Dovmtown  Bozeman,    adjacent    to    the    new    library. 

Sumnary:    The    site    Is    basically    too    shallow    to   bt    developed, 
it   would    be   neces;r!ry    to   have   both   a    positive   flood    control, 
which   does    not   exist,    and   a    long    unsightly    concrete   ctiannel 
and   dam   complex, to   back   up   sufficient     elevation  of  water   for 
potential    use.    Even  with   a    channel   starting   at    ttie    street 
upstream,    only   a    couple    oi'    feet   could    bo   achieved.    The    site 
could   produce    "theoretical"   power,    but   it  would   be   extremely 
difficult    to   produce   power  practically.   With   only   2    I'eet    of 
head,    and    no   practical   place    to    lucate    a    powerhouse,    it    is 
simply   not   practical   to    try  &    develop    this   site.   Any   dam  would 
cause    extensive    floO(Jing   each   spring.    The   area    is    a    flood   plain. 
If   absolute   flood    control   measures    were    available,    and   a 
practical  means   of   constructing  a    dam  &  genera  tin^j;    equipment 
were    also   available,     the    site    is    estimated    to    cost  f^^QA\.00   to 
construct.    The    annual    income   would   be   between  ^;6ij.3  &   !;?80L)., 
The   site    is   neither   practical  nor   coat-effective. 

It   is   possible    to    desii^n  &    Install  an  undershot  water  wheel, 
capable    of   oroduclng    sufficient    electrical   power    to      have   some 
lighting,    such  as   Christmas    tree    lights. 

Site  #  5«   Along   the   railroad    tracks,    from   the    trestle    to   the   parko 

From   the    trestle    over  Bozeman  creek   to   a    suitable   generating 
site   next    to    the    City   Park,    is    2,100   feet.    Over   this    distance 
nhe   drop   Is    only    15   feet,    with   most   of   that    occuring   next   to   the 
park.    This    is    too   shallow  a    slope  &    to   far  a    distance    to    be 
practical  for  hydroelectric   power  development,    Bozeman  Creek  flows 
through   land    so    shallow,    at   this    site,    that    it    is    not   practical 
to   build   a    diversion   dam.    All   the    water   would   have    to   be    diverts  ad;3 
to   produce    power.    The   City    does    not   own   the   water    rights    to    do 
this,    ?c    It    la    extremely    unlikely    the    cost  &    time    involved    in 
acquiring    tliern  would   be   worth   tie     results, If  Bozeman  Creek  were 
diverted    to    the    area    of    the   City   Park,    the    result   would   be    to   flood 
the    densely    'ieveloped   area,    or   construct   a    new   stream  bed    throu^ 
the^area,    it   would   be   a    major   engineering    challenge   to   design  & 
construct  a    2,10U   foot   long   penstock,    capable    of  functioning   as 
a   penstock  with   only   a    15  foot  head.   If   such  a    project  were 
constructed,    the    cost    is    estimated    to    be    between  ^280,800  and 
(^381, 600.    The   annual    income  would   be   between  2^1^., 730  &  ^5,913. 
Additionally,    the    water  would    have    to   be    pumped    up   hill    to    the 
railroad   bod   10{r  feet.   To    further  complicate   the    problem,    the 
railroad   bed,    rails   h   ties   would   be   destroyed    in   the   pipeline 
laying   process .   Tlie    ownership  &    use    of   tiie  right(s)    of  way   is 
unknovm,    &  apps^'ently  not   owxed   by    th<-'   city.   The    site    is    not 
practical  nor    cus  t-ef  fee tive    for    development, 

STUDY   APPROACH 

The    theoretical  power   each    site   would   be    capable    of   producing, 
as   a    function    of    volume    of   water   flowing   and    the   available    head. 
Is    first    determi.ned.    The    losses    due    to   penstock   pipe    friction, 
equipment  efficiencies,    etc,    are    used    to   arrive   at   useable   poweni 
Even   tho    the    practical   considerations   may   preclude   I'easibillty , 
the    s1  *"       '• ''-    costed  &   results    presented. 


City   of  Be 


GENb'HAL   COMMENTS 

Mr.    Hus3   Heliker,    Energy  Planner   for    the   City   of  Bozeman, 
requested    l^he    Renewable   Energy  Bureau,    Energy   Division,    DNRC, 
conduct  feasibility   studies   of   selected   sites    on  Bozeraan  Creek. 
The  City  wished    to   determine    their  potential   for  generating 
hydroelectric    power.  The  City   had    just   completed  a   new  Public 
Library   that   derived   some   of   its    energy  from  renewable    energy 
sources.    It  was    hoped    to  have   a   public   demonstration  site, 
combining   the    renewable   energy   microhydro  electrical  generation 
potential   of  Bozeman  Creek, with   the   existing   new   library. 
Subseauent   to   the    library  site,    several   others   were  adJed. 

To   provide    the  City   of  Bozeman  a    broad   base, on  which     future 
planning   decisions    could   be    jus tif ied,all  available  potential 
sites  were   studied,    i^'oliowing,    is   a    list    of   those   examined. 

Site   #   1.    The   diversion  dam  at   the    mouth   of  Bozeraan  Canyon. 

Site   ^   2.    The   presedimentation  settling    basins. 

Site  #  3«    The  municipal  water   reservoir. 

Site   if  J4..   Down   town  Bozeraan  adjacent   to   the   new   library. 

Site  ^  5«   From   the   railroad    trestle   over   Bozeman  Creek,    along 
the   railroad   right   of  way,    to   the   City   Park. 

Bozeman  Creek  has   been    the    object   of   several  water   studies    in 
recent   time.    Recorded   data    dating  back  to   1951  was    identified 
and   collated.  This   stuc^y   is    thus   a    compilation   of  all  studies 
to   date,  A  key,    and   most  significant   concern,    is    the  fact   that 
it  was    determined  Bozeman  Creek   is   subject    to   frequent  and 
uncontrolled   flooding.   Unless,    or  until,    a   flood   control  means 
is    incorporated   at  some   future   date,    it   is   highly  recommended 
no   dams   or   other  water  ■   impoundment  schemes    be    considered^   below 
the   diversion  dam.    During    these  high  water  periods,    the   dam 
would    be   breached,  and   would   most   likely   destroy   the   facility 
along   with  adjacent    lands   and    improvements.   Additionally,    the 
slope    of   land,  through  which  Bozeman  Creeks    flows, is   generally 
to  shallow  for  use  as    development   of  hydroete  ctric   projects, 

Alon/^   with   determing    current   feasibility   for  hydroelectric 
power   development,    this   study  also   provides   a   data    base   for 
future   utilization   of   bozeman  Creek. 

This    study  was    made   posjible   by   funds   supplied   from   the   coal 
severance    tax,    thr-jugh  the    Renewable  Energy  Bureau,   Energy   Division, 
DNRC,    State    of  Montana, 
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US^;   OF   Tia    POWbH   Gj^NKHArED 

Mr.    Hellker    Indicated    Ctiat    if    the    library   site   was    feasible, 
it  was    the  City's    intent    to    use    the    power  generated    to  help 
liRht   several   downtown  City   buildings.    The   excess   nighttime 
electricity   would    be   sold   to   Montana    Power  Company,    Power 
produced   from   the    otuer  sites   would   also    be   sold   to  Montana 
Power  *^orapany, 

E»ch  of   the   five   sites   studied   will    be  presentea   in   its 
entirety,    an    a   complete   study   report. 


Site   #   1.  The   diversion   dam  at   tne   mouth  of  Bozeman  Canyon, 

SPECIFIC    DATA   Ga 'il-ii^jTILD 

Flow  measurements 

Pour   different  sites   were  measured  and   averaged. 

Case  ^   lo  Width   of    the   waterway:    lU.,0  feqt 
Dopth   measurements:    (all  figures   are    in  Inches) 
6,9,lO,9^,10,m,ll|,l2,12,lO,9i,9,8,7,7,7,2*,6 
Average   depth  was    9o305,^5   inches,    or  0,77?ij.629   feet 

Case  #  2,  Width  of    the    waterway:    15 »5   feet 
Depth  measurements:    (all   fljgures  a  re    in   inches) 

i;,5  3A,6,9,9ipQi,iii.  12,11^,11,8^,7,9,6  3A,6i,5i 

Average   depth  was   8,?8l25   inches,    or  0,6901Qlj.l   feet 

Case  #3.  Width   of   the   waterway:    15>5^   feet 
Depth  measurements:    (all  figures   are   in  inches) 
7  3A,9,8  3A, 9,8,8  3A,10^,8i,7,6,6t,6i,6, 5t,5 
Average    depth  was    1  „i\.^   inches,    or  0»620833   feet 

Case  #  14.,   V/idth   of   the   waterway:    l8,6   feet 
Depth  measurements:    (all   figures   are    in  Inches) 
6,6,7,5,6:T,7,5i,6,6  3A, 7^,7, 8, 6, 5, 5  3A,6,7,7,5,5,6,i^,l|,5,5,l| 
Average   depth  was   5»875)    inches,    or  0,ij895   feet 

Water   velocity^  measure nents 

Float    distance   measured  was    8^   f e e t o 

Float    time:    (all   fip;ures   are    in  seconds) 

28,  1+0,   38,    32,   37,    3U,    30,    38  Average    time:    3ij-«625   seconds 

Flow    calculations 

The    followiru-,    formula   was    used    to    calculate    flow: 
The  width   of    the    stream,    in  feet,    times    the    depth,    in  feet, 
times    the    distance   the  float   travels    in   one   minute,    times 
the   constant,    O08,    equals    the   cubic   feet  per  minute    of  flow. 


oxty    01 


man 


The    four   cases    are    computed 

and    averages    as    follows: 

Case  V;ater   Depth  x  Width 

1  0.7751+629  ft  X   n+oO   ft 

2  0.690101+1  ft   X  15.5   ft 

3  0.620833     ft  X  15.5  ft 
1+        O.I1.695833   ft  X  18,6   ft 

X  i^lstance  Trav.      x     K     ■ 
X  (6ox85-r3l+.625)   x  0.8  = 
X   (60  356^31;. 625)    X  0.8   » 
X   (60  31^^31+. 625)    X  0.8  = 
X   (60  3(8^31+. 625)    X  0,8   s 

CPM 
1,279.2615 
1,260,1+238 
1,133.9053 
1,073.025 

As    the 


Average  Ci-'M   is    therefore:    1,186,6539 
calculations    require   CP^,    the    average   CP'M   is    divided   by   60 


The    flow   measured   21  September,    1981,    at   a    point    just   below 

the    diversion   dam,   after   extraction  of   city  water,    was    19.777CFS 

Elevation  measurements 

k   "Keuffel  &  Esser"   precision  surveying   transit,    calibrated 
rule,    &:   steel   measuring    tape   were    used   for   all  measurements. 
The  slope   of    the    creek  was  measured   for  350   feet    below   the 
diversion  dam,    as   well  as    the    drop   from   the    levee    top   to    dam 
toe . 


Top    of    levee 


Diversion 
Dam 


Toe 

of    ( 

iam 

i 

3. 

.882 

ft 

-350  ft 

Vstreara  horizontal   dist.) 

Elevation   su"imary:   Maximum  head   at   diversion   dam  8,895   feet 

Slope   of  stream  is    uniform  (^  0.011091i+ft  head 
per   foot   of    horizontal   flow,    or   1,11   ft/lOO   ft 
dis  tance. 


.1+- 


City    of        -      an 


The    current    facility   was    designed   and   constructed   as    a 
diversion   dam    to    provide   a    source    of  city  water.    It   was 
not   desifip^ed    to  be    utilized  as    a   hydroelectric    facility, 
f-^o  be   utilized  as    both   a   water   diversion  and   a   Hydroelectric 
generating    site,  e  ither  a   new   dam  would  be   required    or  extensive 
modifications      to    the   existing    dam.    For   tnis    reason,    the    top 
of   tne    existing    levee    was    used   as    a    reference    in    determining 
.the  head, 

povji:;h  calcui^tioi^s 

The    formula    used    to   determine    power   is: 

Power  In   kilowatts   S  Cubic   feet   per   second   x  head   in  feet 

iiTB 

Power   will  be   calcuLated   on  a    theoretical,    no   loss    basis. 
This    figure   will  then  be   reduced   as    a    function   of    turbine  & 
generator  efficiency,    transformer  &   line    losses. 

Plow:    19.777  CFS 

Head:    80895   ft  @  diversion  dam 

3o882  ft  for  300  foot  of  creek  run 

Two  applications    of   power   will  be   examined  a  t    this    site: 

(1)  Power    generated   by   tne    dam  site,    & 

(2)  Power  generated   by  the    run  of    the    stream. 


(1 )    Power   generated   by   the   dam  site 

19.777  C}^   X  6.P95    ft   head     -   Power   in  KW 

TiTB 

s   li4..908  KW   "No   loss" 

The    theoretical,    no   loss    power  at    the    diversion   dam  is    then 
14,908  KWs,  This    power   is    reduced  as    follows, 

lUo906   KW 
■"■  X  0,8    turbine  efficiency 
-"-  X  0,85  generator   efficiency 
•"-  X  0»95   transformer  &   line   efficiency 
97?'3   KW    useable   power 
•{;-  The    efficiency   numbers    are    conservative,    '^omewhat   higher   efficien- 
cies  are    practical,   but   the   equipment   costs   will   be    significantly 
higher.    A   practical   useable   number  would    then  be   10   KW   generating 
capacity. 

Summary    of   power  generating    capability    of   the    diversion   dam. 

The   flow    measured   21   September    is    representative    of   a    reasonable 
flow,    assuming    flood   control.    It   is    tnerefore   possible   to  assume 
the  :site    is    capable    of   producing   a    constant    10   kilowatts    of 
useable   electricity.    It   must  be  pointed   out,    however,    that    this 
is    strictly  a   mathematical  indication.    It   does  not   reflect    the 
real   life    constraints,    to   be   discussed   shortly, 
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(2)    Power    p;enonted   by   the   run   of    the    stream. 

19.777   CFS   X   3.882   ft   head      =   Power   in  KW 
lltB 

=   6o5   KW    "No   loss" 

6.1^   KVi 
X  0.8    turbine    elTiclency 
X  Oo85p;enerator  efficiency 
X   Oo95    transformer  &   line    losses 

ko2   KV/   useable   power 

I4..2    KVI    over    JS'O   ft   creek    run   equals    1«2   Kilowatts    useable 
power    for  each   100   feet    of    creek,    excludinp;    penstock    losseso 

The    land    below   the    diversion   dam  was    surveyed    to    determine 
slope.    The    slope    is    uniform  and    shallow.    It    is    obviously    too 
shallow    to   generate   any  practical  amounts    of   electrical  power. 
This    sui^ey   and    calculation  was    performed    to    illustrate    the 
fact   that  Bozeman  Creek   does   not  have    the    practical   potential 
for  hydroelectric   power  generation  without   construction   of  a 
dam.    There  are   cases   where    a    simple    pipe   placed    in   the    stream, 
behind  a    small   water   impoundment,    can  be   used    to   run  a    turbine 
and   generator.    It   can  not  be   done    in   this   area.    The    run   of    the 
stream  will   not   be   pursued    beyend    this   point. 

Design  &   costing;    of    tne    diversion   dam   site 

i'^or   the    September    flow  a   1^.6    inch    diameter  penstock   would    be 
required.    Due    to    the    low   hejjd,    any    smooth    material   capable    of 
wi  ths  tarniiru^    tne    environment   would   be    satisfactory. 

The  primary  power  line  from  tlic  utility  company  is  located 
approximately  1  mile  away.  Cost  is  estimated  to  be  $-11,000 
to    bring    in   tuc    power    to    the   site. 

Cost  to  develop  the  diversion  dam  into  a  site  capable  of 
producing  10  KV/s  of  electrical  power  and  hooked  into  the 
grid   for   sale    to    ttie    utility   company. 

Bring    in  the    utility   power  8tll,000. 

Generator,    turbine   package  10,000. 

Reconstruct    dam  10,000. 

Trash  rack  300, 

Water   flow   control   gate  500. 

Penstock  500, 

Power    house  2,500, 
Switching    &   safety    controls    to      match 

generator    to    utility    grid  10,000. 

Land    fill,    rip-rap  2,000. 

Lighting   arrester  100. 

Transformer  500. 

C  OS  t   s  umma  ry  $i|.7pl|.00, 

Por   planning   purposes,    assume   ^i^J+Y.kOO.OO,    in   1981    dollars,    will 
be   reo'i^'      ''    to   construct    the    facxlity, 
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Annual   Income  fc    return  on  cost 

10   KWs    X  2k    nours    x   3^5    days      will   produce      87»600   KWH   a   year. 

It   must   be   pointed    out, that  while    the    Federal  ijovernnient   now 
requires    tlio    utllitios    to   buy    electricity   generated    in   this 
i^nner,    the    law   does   not   define  how  much  money    they   must  pay. 
The    price    is    now   be i rip;    debated   at   hearing  before    the    Montana 
Public  Service  Comnission,    It    is   apparent    the  City,    or  any 
other  customer  being    served    by   the    utility  will   receive    less 
to  sell   electrical  power   than  the    dollar   figure   charged    for 
consumption,    '■'•'he    table   below  will   indicate    the    annual  income 
the   City   of   Bozeman  can  expect  as    a   function   of   the    price  per 
kilowatt  hour  paid    the   City  by  the    utility    company.    The   right 
hand    column  indicates    the  number   of   years    r©Quired    to   recover 
the    estlimted   cost    of   i;i;L|.7,[|.00,   Wot   knowing   the    source    of  funds 
to   construct    the    facility,    or    the    interest      required,    this 
payback  period    is    an  over   simplified   cost   divided   by   annual 
income.   The    left   l-iand    column   is    the   amount    of   potential   income 
the  City    could   be   pM id   when   selling    the    electricity    the    site 
generates.    The    prices    range    from  approximately    what    the    utility 
now   charges    customers    to    that   which  some    individuals   are  now 
being    paid    or    offered    in    the   State, 


Price  City  would 
receive   per  PvVJH 


Annual  income 


Number   of   years    to 
rocover  cost 


3     ^ 
■"-   2      ^ 

1,1  <i 

i/io  «/ 

-:;-Best   estimate    of 
SUMP'ARY   Site   If    1,   The 


liMT 


l6,6^  years 
18.03 
V2,190,  21,6L|. 

!§1,752.  27,05 

IPX,  314.  3.^  .07 

3^5963.^  1^9.19 

$li38,  108,21 

^87. 6  5i|.1.09    years 

eventual   price   you  would    be   paid. 
Diversion   dam  at    the    mouth  of    Bozeman  Canyon, 


The    site    is    technically    capaDle    of  being    developed    to   produce 
marketable    amounts    of   electrical  power   for   sale    to   the    utility 
company.  To   develop   the    site   either   a   new   dam  would  have    to   be 
designed    and    constructed,    or   extensive    modif  lea  cions    mtide    to    the 
existing,    dam.    it    is    inon  L    likely    that   a    now   dam  would   be    required. 
The    levee    cur-rent ly    in   place   would    havu    to   be    raised    several   feet, 
and    the    base    expanded.    There    is    no    levee    on    the    ottior   side    of    the 
dam   at    this    time.    Another    one    would    have    to  be    constructed.    In   order 
to   produce    the    indicated   power,    the  water   level  would  nave    to  be 
raised    to    the    top   of    the    existing    levee.    The   history    of  bozeman 
Creek    is    one    of    frequent    flooding.    Any    flooding   would    breach    the 
dam Ar  levee.    The   powerhouse   would   be   destroyed   by  flooding. 
Additionally,    tne    collection  pond    for   city   water,    adjacent   to 
the    diversion  dam  would   be   flooded,  contaminating   the  water.    The 
site   is   designed   to    divert   water  for  municipal   use    only.   Until    , 
or   unless   a    positive   means    of  flood   control  is   available,    to 
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accurately    control    the    flow   of   water,    lihe    site    is   not   feasible 
for    developmento    A    facility    deslfi^nod    to   produce    the    10   KWs    of 
power    in    the    fall  would    flood    every   spring   without   flood 
control,    Conversely,    a    site    designed   to   generate    at    the    average 
high  water  flow,    will   not   function  correctly   during    low  water. 
This    site    shoul j   bo' designed    for  a    constant    ilow   of  water.   That 
requirement  would    require   a   positive   water   control,    ka    this    study 
was    restricted    to   sites   at   and   below    thu    diversion   dam,    the 
specifics    of    the    hendwaters    of  Bozeman  Creek   were    not   examined. 
If   the   city   desires    to  dam   up  Bozeman  Creek   to  combine   flood 
control   with  electrical   power   generation,    then  a    feasibility 
study    of   the    drainage   art.'a    behind    the    divers  ion    dam   siiould   be 
considered. 

The    site    is    estimated    to    cost  ^i+Yti+OO    to    develop,    i'he    income 
probable   Cnch   year  will    range   from  §}il,752    to  ^2,190,    The   simple 
interest   on  $14.7,^00    is   tkflk^  at   10^,    $7,170  at   1S%»    it    Is    unlikely 
the   site  would    return  even  a   fraction  of    the    interest   required 
each  year. 

While    thie    site    can  be    designed    and    developed    to   produce   marketable 
electricity,    it    is    not    feasible   without   positive   flood    cent  rol, 
Even  if  flood   control  were   not  a   concern,    the    site    is   not  cost- 
effective,   as     it  will   not    even   pay    the    interest    required    on   the 
principle    costs. 

It   is    concluded,    therefore,    this    site    is    not    feasible   cc    is    not 
likely    to   become    feasible    in  the    future.    An   additional   consider- 
ation  is    tne    fact    this    site    is    located    in   a    locked   watershed. 
It    la   not   a    convenient   area    to    demonstrate    renewable    energy 
sources    to    the    public. 


The    diversion   dam   a 

t    the 
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Site   if  2.")rhe    presedimentation  aettllrit";    basins      "\ 
SPtCir'iC    DATA    GA'i'ht:5?iuD 


Approxo 
1  mile 


3    In  t^oncre  t,e 
'avlty    pipe 
'om  Hyalite 
mileg    away 


Divers  ion 
Dam   a  t    tho 
Mouth    of 
bozeman 
Canyon 


t-levatlon:    5,1+00   feet 


18   in, 
Concrete 
(j  ra  vl  ty 

Pipe 


Settling  tanks    depth 
i;  ea  UO'  X  I50'x(5'  x  10') 


Concrete 

Screen 
tank    to 
remove 
leaves 


Elevation:    5,270   feet 


Dsjta    from  resident   caretaker/operator 


Flow:    350  miner's    inches    from  Hyilte   2I4.   hrs , 
250  miner's    inches    from   iiozernan  Cr, 
bozernun  creok   flow   shut   off   at  noono 
A    fairly    constant    flow   of    350   miners    inches 
comei;    into    the    fiicility   tifter     noontime. 


12"        10" 
to 
reservoir 


The    purpose    of    tti  is    fucxlity    is    to    receive   water   from 
both    the   Hyalite    tz   bozeman   Creek    sources,    remove 
physical    debries,    leaves,    etc,    and    allow   solids    to 
settle    out,    PhysIcHlly    clean    water    loaves,    and    is    piped 
to    the    reservoir. 


V 


(JiT^y   oi   tio 


l^'low    da  ta 


by    definition:    UC)   miner's    inches    equals    1  Ct'S 


350  Miner^'s    inches  •from  Hyalite 
250  Miner's    incnes    from  Bozeman 


kO  =   8o75   CPS 
i|0  •  6o25  CPS 


Hyalite   produces    8,75   Cr-'S    on  an   apparent   constant   basis 
Bozeman  Creek   produces   6,26  CPS   on  a   part  time    basis, 
Bozeman  Creek   is    turned    on  &    off    by    driving    1   mile    from 
the    presedlmenta  tion   settlln/^    basins,    into    the    locked 
water    shed,    and    shuttinin;    off   tne    flow  at    the    diversion   dam. 
This    is    apparently    done    on   both     a    seasonal  &   diurnal   basis 
to    insure   adequate    water   supply    to    the   reservoir,    based    on 
consumption, 

Durinf';    the    winter   Hyalite    is    reduced    to   200   Miner's    inches, 
or   5.0  CFS, 

The    flow    of   water    to    this    site   varies    essentially   as    the 
average   consumption   of    city  water  varies    throughout    the   year. 
The    flow  from  Bozeman  Creek   varies   from  zero,    after   noon   time, 
to  6.25  CPSb    durinr-   morning   hours.    The   8,75   CPS    from  Hyalite, 
plus    6,25  CPS,    makes    15   CPS   available   during';    the    morning   hours 
of   sunrtier.  While    input   flow    varies,    output    is    constant   at   6,25CFS, 


Plow   summary: 

Hya li  te 
,  BOzeman 


Summer 

8,75  CPS 

6  ,  c'S  CPS 

15 oO'  OP'S    until  noon 

8,75  Cbt>    thereafter 


Winter 

5oO      CFS 
6.25   CP'S    <:• 
11725   CPS  Assumed 
Maximum 


flow    into 


To   analyze    Bozeman  Creek   6,25   CPS, on   a    part    time    basis, is    the    flow, 

-;:-  The  winter  flow  ^<  tlmf?  of  shut  of  I'  is  not  available^  for  this 
site.  An  analysis  of  the  water  flowing  into  the  reservoir  would 
indicate  6,25  CPS  into  the  reservoir  from  both  Hyalite  &  bozeman. 
It  is  therefore  reasonable  to  assume  6,25  CPS  average 
the    settlint^    bar.ins    during    winter, 

hlevation   data 

Elevation  at    tiit;    diversion   dam:    5»i4-CK)    feet 
Elevation   at    the    settlint';    basins:    5>270   feet 

Available     head    is    therefore:    I3O   feet. 
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POWER    CALCULATIONS 

'■^'he  foriTiuls    used    to    determine    power    is; 

Power    in   kilov;atts    2  Cubic    feet   per  second   x  head    in   feet 

Flow:  6.25  CE-'S 
Head:  I30  feet 
Penstock   Uistence:    5,280  feet 

The   normal   method    of   analysis    to    determine    the    net   available 
electrical   power,    is    to    reduce    tne   available   head, as    a    direct 
function   of  frlctional    losses    through   the    penstock,    and    then 
proceed   with   the   power    calcula  i,ions ,   At   the   edge    of   tne   pipe, 
the  water   flow    is    turbulent,    due    to    the   friction  between   the 
edge    of    the    pipe  s  nd    tne    flowing    water.    In   the    center   of    the 
pipe,    the    I'lovj    is    more    smooth,    or    laminar.    On   a   mile    long, 
axis  tini:';,  concrete,    gravity   pipe,    there    is   no   practical  way    to 
mathematically   construct   tne    frlctional    losses    to   accurately 
express    the    loss    of   head    due    to    the    pipe,   Lngineerint-^   experience 
and    judgement    dictates    tne   only    conclusion  possible    in   this 
case.   lieithor    of    thie    existing    I6    inch   concrete    pipes    I'rom    the 
Hyalite    or   liozeman  reservoirs   are   capable    of    being    used  as    a 
penstock  for  hydroelectric   power   generation.   They   are    too 
rough  an  interior   surface,    of    insufficient    diameter,    and   would 
not   witastand    trie    pressure    to   which   tney   would    be   subjected. 
Additionally,    as    triey  were    designed    for   gr.vity   water   flow,    there 
are   no   pressui-©    reliefs    built   in,    A    long   pipe,    high  uead    will 
be    subjected    to    both   positive   ex.   negative    pressures,    which   tend 
to   burst    or   collapse    the   pipe   without   equalizing   systems    designed 
into    it. 

The   first    conclusion   for    this    site,    is    the    fact,  trie    existing 
pipe,   while    suitable    for   water   supply,    is    not   suitable    for   use 
In  generatin;^    electricity,   A   new  pipe   would   be   rerjuired, There 
are    no   clear   choices    in   selecting   a   mile    long    pipe.    One    that 
would    withstand    trie    operating';    pressures,    have    tne    required 
amoothnesr.  ,    anJ    be    of   sui'ficient   diameter   so    as    not    to    reduce 
the  available    hea  .i    does    not   exist.    It   would   have    to   be    designed 
and    specially    fabricated,    i'br   purposes    of    a    feasibility    study, 
comrion  pipe    will   be    considered    for   use.   A    1,7671456    souare    foot 
entry   pipe    diameter   will    be    required    to   approximate    the    existing 
ploe,    A   combintition   of    lc_^   and    15    inch   staruiard    diameter   pipes 
wil]    be    used    for    the    purposes    ol    costing';   and    approximating    during 
this    fe-.sibility    stu  ly.    Should    tne    City   decide    to   pursue    this    site, 
one    of    the    major-    taiJks    would    be    the   cost-effective    design   of    the 
penstock.    Assume    a    head    loss    of   30    feet  will   result   from    the 
penstock   design.   The    power    is    calculated   as    follows: 

6o25  CFS   X   (130-30)    head      »   Power    in  KW 

ll„b  s   52.966    K\v    "No    loss" 
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'I'lie    th.eorot  ical,    no    loss    power    is    then  52,966   KW ,    'i'his   power 
is    then    reduced    as    follows , 

52,966   KVJ 
•;;•   X  0,8      turbine    efficiency 
-;:-  X   0,85   generator   efficiency 
a  X   0,95    transformer  &    line    losses 

3U.216   KW    useable    power 

-;;-   These    efficiency   numbers   a  ne    conservative,   •-'omewhat  higher 
efficiencies    are   practical,    at   higher   equipment   costs,   A 
practical   plfannlng   number   for   useable    generating    capacity   would 
then  be    35   KW. 

Summary    of   power   generating    capability 

When  water   is    flowing    from   the   diversion   dam   at    the   mouth   of 
Bozeman  Canyon   to    the   oresedimenta tion  settling    basins,    a    mile 
away,    35   KWs    oi'   useable    electrical   power   will    be   available. 
When    the   water    is    shut    off,    currently  at   noon    time,    no   electrical 
power   will   be   available.    This    power   is    based    on    the    assumption 
an  acceptable    1   mile    long   penstock   pipe    can   be   both   designed   and 
fabricated. 

Design  &   costing    of   the    pres^dimenta tion  settling    basins    site 

Primary    utility   power    is   already  available    in    the   area. 

2   sets,    1,280   ft   of   SDR   30/3O  gravity    sewer   pipe   i:^  $10,30«     $26,368. 

1   set,    2,000   ft  SDH-i;l  gravity   sewer   pipe   v^  5«6.    ft-10"  12,000. 

1   setv,    2,000   ft  SDR-[j.l   gravity   sewer   pipe   (^y  ^10   ft-l5*  20,000, 

1    set,    2,000    ft    PVC-200    psi    pressure    pipe   <iM  !|pl8    ft-12"  36,000, 

1    set,    2,000    ft    FVC-20U    ps  1    pressure    pipe   W  iii;30    ft-l5"  60,000. 

Pipe   material   cosLs .— «— -  $154»368, 

Generator,    turbine    package  35,000, 

Hook    up    utility    power  1,000, 
Switching   &   safety   controls    to   hook   up  &   match   generator 

to    utility    power    grid  10,000, 

Lightening   attestor  100. 

Trash   rack  300, 

Transformer  $00o 

Waterflow   control   gate  500, 

Powerhouse  ^,Q00a 

Cost   summary  ^206,768, 

^'or   planning   purposes,    asyumo   3i-'206,768,uu,    in    I98I   dollars 
would   be    required    to    cc'nstruci,    the    facility,    excluding    the    labor 
involved    to    lay   the    pipe,     i'hore    is    no   way    to    estimate    tit     labor 
costs    on  a    yet   to    be    designed   pipeline. 

Annual   income   ^c    return   on   cost 

Case  A  will    assume    an   average    of   8   hours    each   day    of   generating 
capacity.    Case    B  will    assume    ?1\.   hours    a    day   generating    capacity^ 
requiring   a    change    in   existing   water   use  &   source, 
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Case  A:    8    hours    each   day,    assumed    to   be   an  average    day    in   the 
use    of   water   from  BozenBn  Creek 

35    IWs   X  8   hours   x    365   days   will   produce    102,200  KWH   a   year. 

Case   B:    2li    hours    each   day.i'his    cose    is    considered,    as    it    is    not 
known   if    the    water    is    arbitar;lly   shut    ofl'  each  noon  at 
Bozeman  Creek   in  lieu   of  Hyalite,    if   it   were   possible    to 
maintain   water   flow   from  Bozeman  Creek  &    reoulate   from 
Hyalite,    Case   B    could    be  a  reality. 


35    KVis    X   2k   hours    x    365   days    will   produce    306,600   KWH   a   yeai\, 


As  in  Site 
unknown,  T 
City  of  Bo 
watt   hour 


^    1,    the    amount    of    money 
he    following    table   will    in 
zeman   can    expect   us   a    func 

paid    the    city    by    the    utili 


the    City  would    be   paid    is 
dicate    the   annual    income    the 
tion   of    the    price    per  kllo- 
ty    compjiny. 


1                 Case   A-    8    hours 

Ci 

ase  B-   dl\.   hours 

Price   City 
would    be 

Annual 

Income 

Number  of  years 
to    recover    cost 

Annual 
Income 

Number  of  years 
to    recover   cost 

paid    per 
KWH 

3? 

2i 

1.1'/ 

H 

K3,06^. 
2p2,555. 
^^2 ,  OMi  « 
^1,5  n. 
?;i,i?lu 

!f^5ll, 
%\Q>2. 

57o«Oiyears 

67.1;3 

80.92 
101.15 
i:3l|o87 
183.92 

UOI4.63 
2,023.17  years 

$9,196. 

i;7,665. 
^^6,132. 
%iU,599. 
$3,372. 

9?1.533« 
S306. 

20,75   years 

22.[^7 

26.97 

33.71 

i+U.95 

61.30 

13U.87 
67U.39  years 

!;-  Best    estimate    of   evt-nlual   price    you  would   be    paid. 

SUM>iARY   Site   ^   2.   The   presedimenta tion   settling    basins. 

Neither    of    the    existin^^    concrete    pipes    from  Hyalite    or   Bozeman 
are    capahle    of"    being    utilized    as    penstocks    for   a    hydroelectric 
generatinp;   facility    due    to    the    rough    interior    surlace,    length, PSI, 
and    insulficient   diameter,    it    is    technically  possible    to    develop 
the    site   and    produce    3^^   kilowatts    of    useable    electrical   power. 
The   ma.^or   problem   in   developing    this    sloe    is    tne    one    mile    distance 
between    the    site    and    the    diversion   dam  in   Bozeman  Canyon,    A 
special  pipe   vjould    nave    to   bi     designed  and   fabricated.    The   cost 
to    denlgn,    fabricate,    r^c    install  a    pipe, that   would   work, would    be 
prohibitively    hiigh.    Kven   if   such  a    pipe   were   feasible,     the    project 
is    estimated   to   cost  fe206,768,    plus    the    unknown  cost   of   installing 
a    complex   mile    long    pipeline.    Water   from  Hozei.ian    creek    is    currently 
available    on  a    prjrt    time    basis    only.    If   it   were    possible    to    modify 
the    operatin>^    procedoras      ani    make   water    available    from    Bozeman 
creek   2I|.    hours    ea^h   day,     the    maximum    income    from    the    sale    of 
electrical    nower   v/ould    range    from  ^6,132,    to  $7,665.    The   current 
operating    pfocedur©      would    produce    an  annual    income    from  %2,0'kh-, 
to   $2,555.    The    simple    interest    on  !t;206,768    is   i.20,676,    (f'>   10?^, 
^31,015.    @   15"^.   'i'he    site    is    not   capable    of   paying    even  a    small 
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I'raotlon   or    the    interest   on    trie    principle    each   year.   The    four 
niilo    distance,  to    tlie  water   source   at   Hyalite,    Is    simply    to    long 
to   bo   considered    for   hydroeloc  t  r'ic    development,    Krictional   losses 
would    reduce    the    .'jva  liable    he.-^d    to   a    point   where      the    site;    would 
not    be    fcaisiblu. 

' ■^oHHH^■;c^<■ 

TT    Ts    concludo'd','  'therefore,    tiiib  t;    tTTTs    site    is    not   feasible,    on 
t!ie    basis    that    it    is    not   cos  t-ei'fec tive   and    can  not   be   made    uo 
be    so,    it    does    not    rrnM  e    sense    uo    spend   ^^206,768    to    return  ^2,01^ 
to  i\>2  f^^-,1'1   a    yea  ro 


Si  te   ff   3»    'i'he    municipal   water   reservoir, 

SPEClt''iC    DA'l'A    GATllKHuD 


Prededirnenta  tion 
settlin,c; 
bas  i  ns 


^  miles 


10  inch_ 
concre  to 
pipe 

191^^ 


y 

0 


i:'levation:    5,270  feet 


12    inch   concrete    pipe 
Ins  '.ailed    19'58 
«- 112   ft 


=> 


pipe 


'-'  one  re  te 
'i'ank    for    flow 
measurement 


t''low:250    minor's    Irictios 


Elevation:    5,120   ft 


Chlorination 
Plant 


Water    to   laity's 
dis  tributlon 
sys  tem. 
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By    derinition:    [j.0   miner's    inches    equals    1  CKS 

Tlie    resident   carotHkor  at    tn  e   presedimentat  ion   settling 
basins    indicat(jd    the    I'low   from   his    facility    to    the    reservoir 
site   was    normally    a    constant   250  miner's    inches,    'i'he    city 
water    department  also   verified    the    flow  at  250  miner's    Inches » 
The    two   pipes    enter  inj^    tte    concrete   measuring    tank   produce   a 
a   water    level   on  a    calibrated      scale.    The   scale    is    calibrated 
to    read   1   inch  equals    50  miner's    inches.   The    scale   indicated 
5   inches,    or  2'^0  miner's    inches »   The    three   sources   produced 
identical    flow. 

250  Miner's    inches    divided   by  [j.0   equals      6,25   CFS 
TtB     flow    is    taen  6.25   CFS 

iiilevatlon    data 

Elevation  at    tl-ie    proseditnentat  ion   settling   basins:    5»270  feet 

Elevation  at    the    city    reservoir 5»120   feet 

Head    is    therefore:    l50   feet. 

FOVJER    CAJ.ClJL//rJON:^ 

The   formula    used    to    determine    power   is: 

Power    in   kilowatts    =     Cubic    feet    per  second   x   head    in  feet 

Flow:  6.2S'  CFS 
Head:  150  feet 
Penstock   distance:    2v^-  miles    U3,200    ft) 

The    reader    is    referred    to    tiio    long   para,;raph  at    the    top    of   page    11. 
It   applies    to    this    catio    a:i    well,    A  2^  mile    long   penstock,    consisting 
of   a    10   inch   C(.>ncre^o   gravity   pipe    installed    in   1916,      and   a 
12   concrete   gravity   pipe    installed    in   1958   will  not   function  as 
a    penstock   for   hydroelectric    power  geno-ation.   A   new   pipe   would    be 
required.   V/ith   only   a    l5u    foot   hoacJ   and    2^  miles    distance, a    major 
engines  rin,'^    problems    exists.    The    pipe   would    require   a    very   smooth 
interior  surface    to    reduce   water    L'low    friction.    With  pressure 
fluxuations,     the    lower   portion  woul^l    require   a    high  pressure 
construction.    The    diameter   would   nave    to   be    li:rp;e    enough    to    allow 
flow,    inoonjunotion   'with    the    smoothnesn  ,    so    js    not    to   reduce    the 
head    to   an    unuscablo    l.vel.   While    these    are    soiveable    technical 
problems,    the    cost   would   become    excessive.    As   will    be    shown 
subsequently,    the  cost    to    develop    this    site,    exclusive    of    bhe 
pipe    problem,    is    to    high   to   consider    the    site    cost-effective. 

For   purposes    of    this    feasibility    stu(Jy,    it   will    be    assumed    ttiat 
a   pipe    can   be    df.isigned.    further  assume   a    tiead   loss    of  i].5   feet 
would    result. 
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Tho   power    is    then   calculated  as   Tollowa: 

6. a-:;  Ci'-S   X    d^O-li'^)    head      =   Power   In  KW 

Z   55.61  KVf    "No    loss" 

The    theoretical,    no   loss    power,    is    then  55.61  KW.   I'his   power 
is    reduced   as    follows: 

55.61   KW 
-;:■      X  0,8  Turbine   efficiency 
"■'(      X   0,85   Generator  efficiency 
^•'     X  0,95  Transformer  &    line   losses 

35,92   KW   useable    power 

-;:-  These   efficiency   numbers    art;    conservative.    Somewhat  ulgher 
efficiencies    are    practical,    at   higher   equipment    costs. 

For   plamiin/';    r^urposes,    assume    36    KV^s    of    useable   power    could   be 
generated,    assumin;^    the    penstock  pipe   problem  could   be   solved, 

Summary   of   power  generating   capability. 

36  kilowatts    of   useable   power   can  be   generated   at   the  reservoir 
site    on  a    constant    basis.   This    assuraBs  the    unlikely   possibility 
of  an  acceptable    2^   mile    long   penstock  pipe    being   available. 

Design  &  costing   the    municipal  water   reservoir   site. 

Utility   primary   power    is    already   available    in    the    area. 

The    pipe   will   be    costed,for  purposes    of    this    study,    on    the 
basis    of    comnierically    available   pipe,    used    in  parallel, 

2   sets,    [|.,200   ft   SDR    30/3O   gravity    sewer   pipe   ^^.  ^aO,30«      $86,520, 

1   sot, 4, 500   ft   SDR-l+l   gravity    sewer   pipe   <'5  ^6    ft  12"          $27,000, 

1  set,JLi.,500  ft  SDR-J+1  gravity   sewer  pipe   @  |10   ft  l5"          SiL5,000, 

1   set,!;, 500   ft  PVC-200   psi    pressure   pipe  @  |l8  ft  12"          $81,000. 

1   3et,l+,500   ft   PVC-200  psi  pressure  pipe  @  $30  ft  l5"        1 135. 000, 
Penstock  material   cos  ts------------ ----------------- -  $37^*520, 

Generator,    turbine    package  36,000, 

Hook   up   utility  power  11,000. 
Switchin/'   k   safety   controls    to    hook   up  1-   match 

^nerator    to   utility   power  grid  -IplO-OOO, 

Lightening   arreator  $100, 

Powerhouse  $7f500. 

Water    flow   cuntrol  gate  '.^500. 

^ost   summary  $14.29,620, 

For  planning  purposes,    assume   $ij.29,62u,    in   I98I  dollars,    would 
be   required    to   construct   tne    facility,    excluding    the    engineering 
and    labor   required    to    design,    fabricate7   &   install    the    2g-   mile 
long   pipeline.   The    material  costs   shown  for    the   pipe   would   be 
in   the    cost   "ballpark." 

-16- 


City  or  Bo: 


Annual  Income  &  return,  on  cost 

36  KWs  X  2i\.   hours  x  3^5  days  will  produce   3l5>360  KWH  a  year* 

As  in  prior  sites,  the  amount  of  money  the  utility  company 
will  pay  the  City  is  unknown.  The  following  table  will  indicate 
the  annual  income  the  City  of  Bozeman  could  expect  as  a  function 
of  the  price  per  kilowatt  hour  paid. 


Price  the  City  would 
receive  per  KWH 


Annual  income 


3?9,li60. 
^?6,307. 
13,14-68. 

|;i.576. 


Number   of  years    co 
recover  cost 

L|-l«91  years 

i|5.i4.1 

66.11 

90,82 

123.8k 

272. );6 

1»362.31  years 


ir 

lol/ 
1/10(^ 


•Ji-  Beat   estimate    ol'    ttie    eventual   price   you  would   be   paid, 
SUMMARY   Site   ff^   3,    The   municipal   water    reservoir. 

Neither   of    the   two   existing   pipes    from   the   presedimentation 
settling   basins    to   the    reservoir  can   be   used   as    a   penstock 
for  a    hydroelectric   generating    facility,    2^  miles    is   simply 
Ctoc_long   a    distance.   The   pipe    is    too   rough  internally,    of 
insufficient   diameter,    would   not   take    the    pressure,    and    one 
of    the    pipes,  ins  tmled    in    1916, would    probably  fail,   A  new 
pipe  would    be   required.    It   is    a    technical  possibility   to   design 
and   construct    the  facility.    If   it   were    constructed,    36   KWs 
of   useable    power   could   do   produced.    It  would  be  a    major  engineering 
challeni'.e    to   design  a   2^  mile    long    pipeline   that   would  work, 
without      requiring   a    prohibitively  high  cost.    Even  if   the   pipe 
line   problem   could    be   solved,    the    project    is    estimated    to   coat 
$14.29,620,    plus    the    cost   of   installin;;   the    pipe.   This    cost  would 
return  between  356,30?  &  ^7, 88k,    each   year.    The   simple   interest 
on   the   v"^29,620   cost   is   $ii2,960  a    year  ^.  10?o,    $61+,kk3,   @  l^/fa. 
This    site    is   not   capable    of    returning   even  a   2>   annual  yield. 

It    is'  concluded,'    therefore,    that   the   municipal  water   reservoir 
is   not   feasible    to   be   developed  as   a    site   for  hydroelectric 
power   generation.    It   would    cost   at    least  i;pl4.29,620    to    develop,-^  ■■ 
produce      only   ^;7,8&i4.   annual   income.   It   is    obviously  not    cost- 
effective.   Additionally,    2^  miles    is    too    long   a    distance    to 
design  ^    construct  a    pens tuck  pipeline, 
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Site  #  [|,   Dovm   tovm  bozeman  adjacent   to   the  new   library, 
SPKCIb'lC    DATA   G7irHK!{i::D 
Flow  moaauromon  ta 


"i^t'our  )difierent  siti  s    downtown  were   measured,   &    then  averaged. 
.  2'^^\-  -      ■    ■  /'.'■' 

Case  #   1.  Width  of   the  waterway:    IM.   ft,    9  in.      Hi. 75   ft 
Depth  mea aura men tg :    (all    figures  are    in   inches) 
6^.8^,9  3A»10  3A,11  3A,lli,12,12i»12,10  3A, 13, 12^,11  3A, 
1C^I,9,9,9  Average:      10.75   "   0.89583  ft 

Case  #  2.  VJidth  of   the  waterway:    Ik  ft,    9  in.      11^.. 75    ft 
7^,10,10,13,11    3A,  12, 11*,  11, 13   3A,  15, 12, 12i,  13,16,7.9, 9 

Average:      11.058^'   0.92156   ft 

Case  #   3.   Width  of    the   waterway:    1L\.   ft,    9   in.      H|..75   ft 
8*,8,7,10i,l04-,ll,l2,l4,ll^.,l3  3A,13i,13,lli,10^,10i,l2,ll, 
9i,10,10  Average:      11.025"   0.91875   ft 

Water  velocity   measurements 

Float    distance   measured   was    70   feet. 
Float    times:!    all   figures    are    in  seconds) 
28,25,22,22,21,21^,23,21  Average:    23,25   seconds 

Flow    calculations 

The    fqllowlni^   formula    was    used    to    calculate    flow: 
The   width    of   the    stream,    in   feet,    times    the    depth.    In  feet, 
times    the    distance    the   float    travels    in   one   minute,    tlAes 
the    constant,    0.8,    equals    trie    cubic    feet   per  minute    of   flow. 

The    three    cases    measured,    are    computed   1^:   averaged   as    follows: 

Case  Water    depth  x  Width  x  Distance  trav.    in    1  M   x   K   =  CFM 

1  0.89583  X  li|.75  X   (    60   -—  23.25\x  70)    xO.8   =  1,909.5626 

2  0.92156  X  1U.75  X   (    60-*-  23.25   X  70)    xO.8  »   l,96k.U089 

3  0.91875  X  U1..75  X  <   60  ---  23.25y'x  70)   xOo8-«  i.956.1j.l91 

Average  Cim  1,9144.1271 

As    the   calculations    require  Cre,    CFM    is    divided    by   60. 
The   average    flow    dovmtown   is    tnerefore:  32.U02  CFS 

■Elevation   tTiea  sure  men  ts 

A   "Keuffel  &  Esser"   precision   surveying    transit,    calibrated 
rule,   &    steel    measuring';    tape   were    used    for  all   measurements. 
The    creek   and    lands    surrounding    the   new  City    library    were 
surveyed.    The    resells  art    shown   on   the   next   page. 
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POWER   C/vLCUL/^TIONS 

The    formula    used    to    determine    power    Is: 

Power   in   kilowitca    -   Cubic    feet  per    second   x  head    In   feet 

Power   will  be    calculated   on  a    tneoretical,    no   loss    basis. 
This    figure   will    then  be    reduced  as  a    function   of   turbine  & 
generator   efi iciency,    transformer  &    line    losses. 

Flow:    32„i4  02   CFS 
Head:    2,0?   feet 

32.i4.O2   CFS   X  2,07   ft  head   u   Power    In  KW 
11. « 

=   5.681;   KV^'    "It  loss" 

The    theoretical,    no   loss    power,    at    the    library    site,    is    5.68i4.   KW 
This   power    is    reduced    as    follows. 

5.6814.   KVg- 
-;;-     X  0.6   Turbine   efficiency 
i-r      X  0.85   Generator   efficiency 
■«;-      X  U.95    Transformer  &    line    efficiency 
3.67  KW    useable  power 
-;:■   These    efficiency  numbers  a^   conservative.   Somewhat   higher 
efficiencies   are   practical.    The    library   site    is    theoretically 
capable    of   producirif^    3«67   KW 

Summary    of    power    genorbti  ig    capability    of    the    library   site  . 

It    is    theoretically    posJiible    to    generate    3.67    KW    of    useable 
power    at    this    site.    The    word    theoretically    is    used,    as      the 
slope    of    the    land    is    too    shallow    to   allow   a    dam    to    be    constructed. 
It    is    possible    to    consi.-ruct   a    concrete    channel   from   the    the 
next   street   upstream    to    uhe    area    of    the    library.    This    would 
contain    the  water    behind    the    small   dam.    However,    an   absolute 
flood    control   system,    which- does    not    exist,    would    be    required. 
Such   a    channel   would    be   most   unaitely    for    a    beautiful   area. 
Another    problem    is    the    fact    ttiat    the    creek   drops    only   2,07 
feet    in    170   feet.    The    turbine   and    generator    vertical   dimensions 
are    very    close    to    tuat.    Unless    provisions    were    made    to    install 
tne    generating    equipment   underwater,     the    available    head    is    lost, 
and   no    power   coul'i    be    generated. 

Costing    the   system 

The    major   cost   associated    wita    the    library    site,    is    constructing 
a    concrete    "U"    shaped   water  way  from    tne    street   upstream   to   a 
point    just   downstream  from    the    bridge.   This    would    have    to    ue 
of   sufficient   height    tc    prevent   water    from   overflowing    , 

Concrete   water-way   k   dam   s  tructures  es  tlma  te  d  @         $30,000, 
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^onntpuctlon   of  waterway  &    dam  J?30,000, 

i^'low  /late   control   valve  1,000, 

Generator  Sc    turbine    package  8,5008 

Power    house  2,^00, 
owitchln^';   -'•-.   sal'ety   control.^    to   match  generator 

to    ut.llity    .;rid  7,^00. 

Transformer  500, 

Trash    rack  300. 

Lighting   arrester  100, 

Total   estimated  cost                      $'^0,li.00u 

Annual    Income    &    return   on    cost 

3o'S7   KWs    X   21\.    hours    x    3ih^   days    will   produce    32,114.9   KWH   a   year. 

As  in  each  prior  site,  the  price  tne  City  would  be  paid  for 
the  power  is  unlcnown.  The  following  table  will  indicate  the 
annual    income    and    the  payback   periodo 


Price   City   would 
receive   per   KVvH 


Annual   income 


^ 


J 


u 


-;:•  .Best 


lolj^ 

i/iojzf 

es  tina  te 


ei,i2^. — 

tm\x 

^5643. 
$14-62. 

.^161. 

eventual  price 


Number  of  years 
to  recover  cost; 


the 


"imTB"  years 
52.25 
62.7 
78.38 
10U.51 
11+2.51 
313.51+ 
1»567.70   years 
city  would    be    paid. 


SUI-iI-lA}?Y   oite   it  It-.Pown    town   Bozeman,    adjacent    to    the    new    library 

The    site    is    the  ore  Li cm lly   capable    of   nroducing    3.67   Kilowatts 
of    useabl'-^    eloctrlcal   power.    Duo    to    trie    VQvy   shallow   slope    of 
the    Ignd    through   the    entire    down   town   area    it   would    not   be 
practical    to    construct   a    dam   on  liozeman  Creek.    The    creek    only 
drops    2.07   feet   over    170   feet   horizontal    distance.   This    is 
typical   in   the   City   liml ts • -Bozeman  Creek   is   subject   to   periodic 
and    uncontrolled    flooding.   To   atbempt    damning    tne   creek,    would 
require   both   rasing    the   wa  uer   level  behind   the    dam,    and    construct- 
ing   an   unsightly  ic    expensive    concrete    channel.    The    resulting 
water    level  woul  i    be   at    or  above   existing   buildings   &    other 
impro/otnonts.    Each   spring:    the    facility  would    flood    the   area. 
Additionally,    there    is    no   practical   means    of    mounting    the    turbine 
below    ttie    he,-,  d    of   water.   Whenever    tne    periodic    flooding    occurs, 
it    is    most    likely    the    library    would    be    subjected    to   excessive 
water    damaf^e    if  a    da  .   were    built  at    tne    site.   Vjhile    the   volume 
of  water   is    sufficient  at    th(.    site,    the    entire   area    is    simply 
to   shallow    to    make   a    hydroelectric    fjenerating   site    feasible.    Kven 
if   it   were    possible    to    devise    solutions    to    these   problems,    the 
site  would   not    be    cost-effective.    The    site    is    estimated    to   cost 
$50,14.00    to    construct.    It    could    return   betwe.^n  $60[|.  &  55614.3   annually. 
Interest   on   the    (550,1+00   cost  would    be   .;5,Ol4.0  @  10^,!i^7»560  kI  \%, 
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The    site    is    not   capable    of   Renerat  in^^    a    portion  of    tho    interest 
on   the    cost    larf^e   enough   to    be    considered    I'casible. 

There    is    one    possibility,    however.    An   undershot  water  wheel, 
with   a    mechanism    to   position    the   wheel  as    a    function   or  water 
level,    couli    be    installed.    The    wheel   could   be    used    to   power   a 
small    y;onerator   for    such    tnin^^s   as    Christmas    tree    lif^htin/-,    or 
somt;    out'^oor    lightirif%    it  would   be   aesthetically  more   acceptable 
than   a    concrete    channel  tc   dam.    Water  wheels    are    not   very   el'flcient 
and,    in    ttiis    case,    would    be    capable    of    using    ojily   a    small   portion 
of    the    crook's    enor/^yo    T'his    is    the    only    practical    means    of 
j^enoratinK    -  iectrical   power    at    the    library    site. 

The    library    site, down   town  Bozeman,    is    not   feasible    for    develop- 
ment  as    u    hydroelectric    generating   site*    There   is    Insufficient 
drop    in    the    creek,    the    area    is    a    flood    plane,    any    damning    of 
the    creek   in    the  area   would   result    in   excessive    flood    danage    each 
spring,    and    the    cost    is    excessive,    ^SOfW^^t    compared    to    the 
expected    return   of   between  ^6k3    to  is80l4.  annually.   Bozeman  treek 
is    subject    to   periodic   &   uncontrolled    flooding.    Extensive   flood 
damage,    in   ad'ition    to    the   yearly    spring    floods,    would    result   if 
a    dam  were    built   at    the    site.    The    only   possible    use    of    the    site, 
for    demonstration   purposes,    would    be    the    installation   of  an 

undershot   water   wheel    to    power   small    lightln;';. 
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Site   #   ^.    From    the    railroad    trestle    over    Bozeman  Creek,    along 
t)b     railroad    right    of   way,    to    tne   City   park. 

Specific    datn    gattiered 

Flow    fieasurerrent.s 

The    flow    measurements    were    taken    at    the   library    site,    and   will 
be    used   for    this    site.    Flow    is    32.ok02.   CFS 

i^lev^tton  measurements 

A    "Keuffel  &    r.sser"    precision    surveying,    transit,    calibrated 
rule,    ?c    steel    me^surim;    tape    were    used    for   all    measurements. 
Surveying    was    st'  rtod    at    the   water    level    under    the    railroad 
trer.  tie.     i'he    eullre    milroad    right    of   way    was    surveyed    down 
to    a    potential    /'.enera  Lirig    site    at    tti(j    City    park,      '^'^le 
measurements    are    rihovi/n    vii    the    next    page. 
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Fiailroad   right   of  urn] 


Not    drawn   to   scale 
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Elevation   aumrrary 

A.  horizonnal    distance   of  2,100  feet  runs    from   the   railroad 
trestle   above    isozeman  Creek    to    a    potential  generating    site 
in   the    natural    drainage    adjacent    to    the    City    Park,    The   water 
level    in   Bozeman  Crfeuk   is    10o^8    feet    below    the    top   of    the 
trestle    level,    i'he    slope    of    ti-ie    railroad   bed    is    uniform   over 
its    length,   at   approximately   0,52857    foot   drop  per   100   foot 
of  horizontal   distance.   The  net   head   is    l5ol8   feet.    The 
penstock   pipe   would    be   2,100    feet   long. 

The    area    surveyed    is    an   existing   railroad    bed.    It   lias   not   been 
used    for    some    time,    its    ownership   &/or   right    to    its    use    is 
unknown, 

POWEH    GALClil^TiOUb 


The    formula    used    to    determine    power   is: 

Power  in  kilowatts   =  Cubic    feet   per   second   x  heaa   in  feet 

^^-j 

Power   wili   be    calculated    on  a    tneoretical,    no   loss    basis, 
ihis    figure    will    thci   be    reduced   ..is    a    function   of    turbine  & 
generator  efficiency,    transformer  &    line    losses, 

i-'low:  32.1+02  ere 
Head:  15,18  feet 
Penstock   distance:    2,100    feet 

32,14-02  CFS   X   15*  18   ft  head   =  i|.l,68   KW    "no   loaa  " 

Tiie    theorotLc.ii,    no    loors    powor.     Is    then  14.1,68    ivWs, 
This    power    is    reduced   as     foiiows. 

m,68   KVJ 
-;;-     0,8        turbine   efficiency 
-;;-      0,85      generator   efficiency 
-•■•     ,,9«95      transformer  &    line    efficiency 
26,92   KW   useable    power 
■"■  The    efficienc^/   numbers    are    conservative.    Somewhat    higher 
ef  I'ic  jencies   are   possible,    but    tne    equipment    costs    would   be 
significantly    [licher.    A    practical    useable    nuxnber   would    be 
27    Kilowatts    of    useable    power    i'rom    this  s  ite. 

Summary    of   power   f;eaeruLinj-    capability    of    the    railroad   sl^e. 

The    flow   measured    21   September  at    the    librnry    site    is    typical 
of    tie    flow  at    ttie    railroad   site,    assuming    some   means    of    flood 
control.    Neglectin,';    the    frictions  1    losses    of    the    2,100    foct   long 
penstock   pipe,    27   kilowatts    of    useable    power   could    be   devaloped, 
'["his    site   has    several   very    fujidamontal   problems,    however,    that 
makes    it    unfeasible    to    neusider    this    a    viable    r;enora  tlni';    facility, 
First,    the    slope    oT    the    land,    in    the    area    01'    the    railroad    trestle. 
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is    too  shallow    to    enable    a    dum    to    be   constructed.    Second,    the 
railpoad   trestle    is    10,58   feet   above   the   water   level.   Either 
a   pumTi   would    be    required    to    raise    the    level   of    ttu;   water    up    to 
the    railroad   bed,    {.    a    siphon  system   is    not    feasible   here)    or 
the    the    railroad    bed    would  have    to    be    dug    up    to   install   a    pipe 
line,    thereby    destroying/;    the    tracks   &   the    bed.    Third,    all    the 
water   flowini^    in   Hozoman  Creek  would    have    to    be    diverted    to 
generate    the    indicated   electrical  power.    Fourth, tno  Ciby   does 
not    own    tho   water    rights    to    Bozeman  Creek  along    the    entire 
potential   vacated   wa  cor   way.    The    cost    oi'   aquisition  would    be 
pr ohxibitive,   both  in    time,    money   &  adverse   public    opinion^ 
Last,    &    of   great    importance.    If  Bozeman  Creek   were    to    be 
rerouted    to    the  natural   drainai^e   ai^ea   next    to    the   City    park, 
the    entir-e    developed    area    down   stream   ol'    the   park  would    be 
flooded,    as    tne    channel    is    not   capable    of   handling    the   volume 
of   water.    Of   unknown  efxect   is    ownership   and    use    of    the    right 
of  way    of    the    railroad   bed.    It    apparently   does    not    currently 
belong    to    the    city. 

Discounting    the   above    reasons,    one    of    the    more    difficult 
problems    remain,    that    of   obtaining   a    cost-effective   2,100   foot 
long    pipe    line.   V.'lth   only    iSolQ   foot    drop    over  a    2,100   foot 
distance,    the    water    must   flow  with   little    friction.   There    is 
no    "stock"   pipe    nv.'i  liable.    One   would    have    to   be    designed  L 
fabricated.    A   pipe    of   slightly    over  I^.   foot    diameter  would  be 
required.    For   purposes    of   costing    this   site,    several  standard 
pipes   will   be    used.    It  would    be  a    major   engineering    cnaliange 
to    obtain  a    penstock   for  a    reasonable    coat   that   would   do    tho    jotk 

Design  «   costin/-^    of  the    railroad   site 

Penstock     pipe   costs    (estimated)  $21l|,200      to  $315,000, 

Generator,     turbine   package  Sp27»0o0o 

Lift   pump  &   e  lee  trie  1   houkup  '                       ^?10,000. 

Power   house  $3,500, 
Switching   (^>-   controls    to   match  generator   to 

utility    f^r-ld  ^10,000. 

Transformer  f500. 

Lighting    'irrcstor  v'lOO, 

Diversion  dam,    leveen,    rip-rap  $15,000, 

VJater   control   volve  ^500, 

Cost   sunriary  ^260,800    to     $381,600, 

For   planning    purposes,    assume    tne  project    to   cost   between 
C;280,800   and    $^Gl,h()0,    In    lS'8l    dollars,    dependirv',    on    the   pipe 
lino    eventua]    co;M,3,    This    estimate    does    noi.    include    the    cost 
of    installing';    thu    pipeline. 

Annual    income         returri   on    cost 

<527   KVJr    X  2I4.   hours    x   .365    days    will   produce      236,520   KV/H  a   year, 
.'     /-As    in  each  o:'   tno  prior   sites,    there    is   no   way    to    determine 
f^.-ihow   much   money   the    utility   company   will   pay    tHe   City    for   the 
power  generated.    The    following    table    will    Indicate    the   annual 
income,'  <y   payback   period,    as    a    function  of    the   price   paid, 

-  _.  ..,  ^»M.T^  
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Price  City   would                      Annual  Income               Number  of  years    to  . 
receive   per   KWH recover    coat _'        ^ 

3B«,27U.  i4.6.09  years  7  -;■       ,,  ( 

tn,09$.  53.11 

^■5,913.  6U,53 

^ll,730.  8O066 

^3,Skl.  101 oSS 

^f2,6oi.  II16.67 

!lpl,l82.  322.67 

!!5236.  1,613.39  years 

-"■  Best   estimate    oi'   eventual   price   you  w^uld  be   paid, 

SUMMARY:    P'rom  the    railroad    trestle,    over  Eozeman  Creek,    alon^ 
bhi..    railroa'i    ri.^ht    of   way,    to    the   City    park» 

The    site    is    theoretically    capable    ol"   generuting   27    Kilowatts 
of   useable    electrical   power.    However,    from   both   a    practical 
and   a   cost-effective  standpoint,    the   site   is   not   feasible   for 
any    one    of    the    following    reasons. 

lo    i'h.e   slope    of   the    land    in   the    vicinity   of    the    trestle    is 
too  shallow   to  construct  a    dam   to   impound   the   water. 

2.  The    water    woulr]   have    to   be   pumped    uphill   10.58   feet   to    the 
top    of    the    railroad    right    of  way. 

3.  All    the  water    in   Bozenan  Creek   would   have    to    be    diverted 
from   the    existing    creek   bed    to   generate      the    indicated   power. 
The   City   does   not   currently   own  all   the   required  water   rights. 
The    cost    to    obtain   the    necessary  water   rif^hts    is    unknown,    but 
estimated    to   be    prohibitive.    It   v/ould    take   years    to    obtain 
thekse   rlgh.s   &  v;ould    create   negstive   public    opinion, 

k»   To    route   a   pipeline   down    the    railroad   would   require   removal 

of   the    rails   and    ties.    The    process    would   essentially    destroy    the 

railroad   bed  ^:    facilities.    The    ownership  &/or   use    of    the   necessary 

right    of   way(s)    is    unknown.    The   City   of  Bozeman  apparently    does 

not   have    the    current    rights    required    for    its    use, 

^,    it    is    highly    unliktily    the    requsJte   permits    could    be    obtained 

for  the    project, 

6c    The    2;,100   foot    penstock    is    not   oractical   for   a    15.18    foot   drop, 

7.  The    project    is    estimbted    to    cost   between  S?280,800    to 
$381,600,    plus    Installation   costs    for    the    2,100   foot    nipeline. 
The   interest   would  be   5,38,160,    •:»  10?i,   $57,2i|.0  '&  1S%  for   costs    each 
year.    The   annual   Income   is    estimated    to  be   between  S?i^,730  and 
*5,913»   It    is    obviously  not   cos  t-of  lective. 

8,  If    liozeman  Creek   were    diverted    to    the   natural   drainage, next 
to    the   City   parji,    there    is    insufficient   capacity    to   handle    the 
volume    of  water.   Constant   flooding  would   result.    I'he   area    is 
densely    developed,    it   would   be    unthinkable    to   reroute   bozeman 
Creek    to    this    area. 

_________^ -:Hi"ti-:H.SH;- 

The    railroa-i    right    of   way    site    is    not    feasible    for  any    of   the 
above    8    reasons, 


r:cr^ 
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COLTAriQN    0!''    FRIOH    S'nJDlLS 

In   recent    tirrKs   Bozeman  Creek  has    been   the    subject   ol'    several 
water    juallty    und    flow  studies.    The    recorded    flow    data    is 
collated    in    tae    following    table.    Data    was    supplied    froia  the 
followinp;   sources: 

(1)  Mr.    Joel  A  Shouse,    Executive   Director,    "Blue    Ribbons    of 
the   Bif7   Sky  Country  Areawide   Planning  Organization"   water 
quality   monitorinf^   prof^ram,    35  E,    Mendenhall,    Suite    206, 
Bozeman,   I'-iontana,   The    flow   of  water  was    monitored   at  Tamarack 
Street,    approximately   >;  mile    downstream  from   the   new   librai^ 
durinf^   1976-77. 

(2)  Mr.   Claud   Matney,    Hatney-Frantz   Engineering, Energy  Consultants, 
8[|.9  V^est  Main,    Bozeman,    Montana,    Mr,    Matney    conducted    the 

above   measurements  &    interperted    the    flow  data, 

(3)Montana    Univ^.-rsity   Joint  Water   Resources    Research  Center, 
Montana    State   University,    Bozeman.    Montana.    Completion   Report, 
Project   No.    B-Oi|0  Mont,    March   197o.    Bozeman  Creek  was   monitored 
for   flow    at   the   mouth   of    the    canyon  below    the   City's   water 
diversion  structure   during    1971-72.    Data  was    extracted   from 
MUJl/Jl^RC    report  No.    7k 

ill)   MUJVVRCC    report   No,    93   supplied    by   Mr,   William  Hunt    of    the 
Montana  Water   Resources   Research  Center,    Montana   State  University, 
Bozetmn,   Montana,    a    joint   effort    of  MSU  &  Montana   College    of 
Mineral   Science,    Butte,    Montana. 

(^)-Kr,    Russ    Heliker,    Energy   Planner,    City    of    Bozeman,    supplied 
flow  data    of    Bozeman  Creek   at  Kagy  Blvd.#Matnoy-.Frantz  EngJLneering, 
covering    the    period    1977-78 

(6)   Mr.   William  Hunt,    of  the   Montana   V/ater   Resources   Research 
Center,    Montana    State   University,    supplied   USDA-Soil  Conservation 
Service    flow   muaaurementa    of    Bozemen   Creek,    at    the   Forest   Service 
boundary,    covering;    ttio    period   1951-1977. 
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The    flow   data    from    the    studies    listed    on    tue    previous    page 
Is    collated    in    tne    following    table.   An   data    is    shown    in 
cubic    feet   per    minute    of    flow. 

Month  1976   197^'^  1976   76-77  71-72  19^1  1952  1953  1975   1976   1977 

M3A      M-U  Mi}.-X  APO        M-3        USDA   USDA   USDA   USDA   USDA   USDA 

Site   Site  Site   Site      Site 

(1)      (2)  (3)      (Ij)         (5)         (6)      (7)      (8)      (9)      (10)    (11) 

Jan.  ^  ^ 

Feb.  Z  ^ 


Mar.      2  6  6  0  5  7„        ^ 

Aplt      25        20        30        0  5  ^^22        8 


Apl.      25        20        30 

1^55 

MSy 1?0     Wv     155     ST  ^5        82        22       73     ---^61     5  0 

i:-290 


June     62 117     126  -;a.55'    16         W^       V^       l65     300  76       ^ 

2^31 

Jui^^     15      1^3      1;9     -"-i|2         B           3^       1^:9       5l       ^1  ?9         " 

-"-A    7 

Auk.      7          27        38      "^          8            16        2ii        29       k^  33       2^ 


Sept.    9  33       1+2  ^i7  l5        30        l5        18        32        23 

Oct.  1,3        ^0        ?5        0         i  13        12                   22        y^       2gZ 

Nov.  2                      l8        0             11  12 

Oec.  2          10  9          12 

-:r  Two  entries    are    shown    in    the  report, 

PoLlowlng  are    trie    site    locations: 

(1)  M3A:    Approximately   5   miles    from    town,    up  Bozeman  Creek, 
assumed    to    be    in   the    vicinity   of    tne   diversion   dam. 

(2)  M-l^.:    Approximu  tely   2^  miles    from    town   at    the   point  where 
Limestone    Oreek   merges    with  Bozeman  Creek. 

(3)  MU~X*    Approximately    1,000   meters    downstream  from  M-Ij., 

(I4.)   APO    site:    Tamarack  Street,    %  mile    downstream      from  new   library, 

(5)  M-3!    Area    of    water   diversion  dam. 

(6)  through   (11)   Approximately   i  mile   above    the   settling   basin, 
up  Bozeman  Canyon,  ■ 

This   feasibility    study   measured    32   CFS   at    the  Library   site,    and 
20  GPS    below    tlic    diversion    dam   during    September   198l, 

Two   basic    conclusions    can   be    drawn   from   the    above    data: 

lo    The    flow  varies    drama  bically   during    the    year. 
2.    Periodic,    and    uncontrolled    floodini';    occurso 
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15  copies  of  this  public  document  were  published 
at  an  estimated  cost  of  $6.50  per  copy,  for  a  total 
cost  of  $97.50,  which  includes  $97.50  for  printing 
and  $.00  for  distribution. 


